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PREFACE 


One of the basic functions of the World Health Organization is the 
international transfer of scientific knowledge of direct practical value to 
countries in solving their health problems. A vast store of knowledge and 
experience has been accumulated in tuberculosis control. Through WHO- 
assisted projects, simplified and largely standardized control methods have 
been developed for general use, even in the remotest rural areas of developing 
countries. The concept of the “* national tuberculosis control programme” 
was formulated by WHO to enable the new technology to be applied 
effectively. The Organization’s policy on tuberculosis control, contained 
mainly in concisely worded reports of the WHO Expert Committee on 
Tuberculosis, has given rise to a great many questions and requests for 
further information. It has long been thought, therefore, that a detailed 
commentary on the scientific knowledge and practical experience underlying 
WHO's tuberculosis control policy would be a valuable element of WHO’s 
technical cooperation with Member States. This book, presented in the 
form of questions and answers, is a first step in that direction. I hope that 
it will reach all tuberculosis workers in key positions, the organizers and 
administrators responsible for tuberculosis control in national programmes, 
and the field staff concerned with the day-to-day problems of tuberculosis 
control in the community. The book is also directed towards those who 
teach about tuberculosis control in medical schools, schools of public health, 
nursing schools, and similar institutions. 


H. MAHLER 


Director-General 
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INTRODUCTION 


Such has been the progress made in the epidemiology, the prevention, 
and especially the treatment of tuberculosis during the past three decades 
that this age-old killer of man has at last become a preventable and curable 
disease. 

Through systematic research, it has been possible to develop an 
effective and simple technology that is inexpensive and amenable to 
standardization. As a result, the control of tuberculosis has ceased to 
be a primarily technical problem, requiring rare and highly specialized 
skills for its solution. Instead of only the privileged few who could be 
served in the past by the small number of specialists available, anyone 
suffering from tuberculosis or exposed to it may now enjoy the benefits 
of this technology, provided that it has been adapted to the requirements 
of a country’s health programme. However, even within such a frame- 
work, the efficient operation of a tuberculosis programme may encounter 
many difficulties. There is no uniform solution to existing or future 
problems. Each country will have to find the one that will suit its own 
needs best. Yet the multitude of possible solutions will all have one 
feature in common: the participation of a rapidly growing number of 
nonspecialized people, including physicians, nurses, technicians, all 
categories of field staff and health administrators, members of non- 
governmental agencies and international voluntary organizations, and 
interested groups of citizens. In view of the wide range of persons whom 
tuberculosis control now concerns, the author has attempted to direct 
this book to a broad spectrum of readers rather than to the specialized 
tuberculosis worker. 

The dramatic turn taken by the fight against tuberculosis was reflected 
in the last two reports of the WHO Expert Committee on Tuberculosis. 
In 1964 the eighth report presented, for the first time, the concept of a 
national tuberculosis programme based on a simplified technology.’ Ten 
years later, the ninth report re-emphasized the importance of this concept, 
stated the policies of the Expert Committee, and made recommendations 
for their implementation.? This report, which was very widely distrib- 
uted, serves as the principal background document at many international 
and national conferences, seminars, and training courses organized by 


1 WHO Technical Report Series, No. 290, 1964 (Eighth report of the WHO 
Expert Committee on Tuberculosis). 

2 WHO Technical Report Series, No. 552, 1974 (Ninth report of the WHO 
Expert Committee on Tuberculosis). 
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WHO and the International Union against Tuberculosis (I(UAT). On 
such occasions, a rather sceptical attitude has sometimes been observed 
on the part of a few persons—mostly specialists—towards the new 
approach. This small but influential group have a deep-rooted if bona- 
fide belief in the omnipotence of sophisticated technology. They distrust 
inexpensive and apparently less-than-perfect procedures that can be used 
by nonspecialized personnel, even though these procedures have a solid 
scientific basis and have proved their worth both in controlled trials and 
in regular practice. 

Some of the recommendations of the WHO Expert Committee, 
especially those conflicting with time-honoured traditions and working 
methods, have prompted many questions, a large number of which 
recur with almost predictable regularity. Both WHO and IUAT receive 
letters demanding ready ‘answers to these questions. For that reason, 
the two organizations requested the author to prepare the present vol- 
ume in order to satisfy the demand for more detailed information on 
the scientific basis of the modern tuberculosis control policy that is 
recommended in the ninth report. 

The information given on any particular subject is far from exhaustive. 
The aim was not completeness but deliberate selection. From among 
the numerous questions that are asked, those that recur the most fre- 
quently and that appear to be the most pertinent have been chosen. The 
question-and-answer formula seemed to be the most appropriate way of 
presenting the material. The numerous cross-references largely offset 
the inevitable overlap of some of the questions and answers, sparing the 
reader from sifting through unwanted information irrelevant to his pro- 
blem. If this book or the ninth report of the WHO Expert Committee 
does not give the reader satisfaction on a particular question or problem 
he may have, he is welcome to consult WHO * or IUAT.? 

This book deals only with pulmonary tuberculosis, because that is 
the most common form of the disease and practically the only one that 
is responsible for transmission from man to man. Special attention has 
been devoted to the needs of the developing countries, in which more 
than three-quarters of the world’s tuberculosis is concentrated. 


1 Tuberculosis and Respiratory Infectio Ww fon as 
Geneva 27, Switzerland. teats ions, World Health Organization, 1211 


3 ; i : : 
om ria Union against Tuberculosis, 3 rue Georges-Ville, F-75116 Paris, 
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CASE-FINDING 


CASE-FINDING 


What is the role of case-finding in tuberculosis control ? 


Case-finding is an essential component of the control of tuberculosis 
and most other communicable diseases. Its object is to identify the sources 
of infection in a community—e. g., in the case of tuberculosis, to find 
persons who are discharging tubercle bacilli. By rendering them non- 
infectious through chemotherapy, the chain of transmission of tubercle 
bacilli from man to man is cut. Thus case-finding in itself has little 
purpose unless it is followed by chemotherapy. That is why these two 
activities should be regarded as a single functional entity (/). 

However, to find cases is always easier than to treat them successfully. 
Thus case-finding activities sometimes outstrip the treatment capacity of 
a tuberculosis service, owing to the lack of personnel or drugs, or to 
organizational difficulties. But to search for cases without being able 
to treat them properly after they have been found is irrational—it is even 
harmful, because it increases patients’ suffering and undermines confi- 
dence in the health care system. 

In countries where newly detected cases are not yet treated satis- 
factorily, resources and efforts should be directed towards improving 
primary treatment, rather than expanding case-finding. Intensification 
of case-finding is justifiable only when it is certain that every new case 
found will be provided with adequate treatment (J). 


REFERENCE 


1. WHO Technical Report Series, No. 552, 1974 (Ninth report of the WHO Expert 
Committee on Tuberculosis), pp. 14 & 25 
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What is a case of tuberculosis ? 


Much time has been spent in the past on defining the object of case- 
finding. National and international committees on diagnosis and 
classification have had lengthy arguments about what should be con- 
sidered to be a case of tuberculosis, and numerous attempts have been 
made to formulate a generally valid definition. However, in spite of the 
efforts made, none of the proposed classifications and definitions has 
been universally agreed upon, and each has soon been replaced by a 
new one. The reasons for this lack of agreement are manifold. 

In the past, chest physicians were split up into a number of groups 
representing different schools and occasionally contradictory pathogenetic 
concepts. The various diagnostic schemes and classifications were based 
sometimes on quantitative criteria, such as the extent of lung involvement, 
and sometimes on qualitative pathological features—e.g., exudative, 
caseous, and productive lesions. Some preferred the pathomorphological 
nomenclature used in radiological classifications; others introduced 
immunological concepts differentiating various stages of the disease ; 
many clinicians tried an eclectic synthesis by combining various schemes, 
placing emphasis on one or another aspect according to their own 
judgement. 

However, what seemed to be important to the pathologist—e.g., the 
presence of specific granulomatous tissue, giant cells, or caseation—was 
of little relevance to the clinician and even less to the epidemiologist or 
the bacteriologist, for whom the transmission of infection and the 
demonstration of tubercle bacilli were essential. And whereas the 
radiologist is compelled to depend on the morphology of X-ray shadows, 
a paediatrician may consider an unvaccinated baby (of a tuberculous 
mother) with a significant tuberculin reaction as a “‘ case ”’ of tuberculosis, 
irrespective of other criteria. To the health officer, who has to plan 
and provide services, even a person who has been cured of tuberculosis 
but is suffering from some late effects of the disease may be a “‘case”’. 
In short, each medical branch has its specific working methods and 
objectives, and therefore also its own criteria. 

To formulate a definition of a “‘ case ” that would cover all the above- 
mentioned aspects would not be impossible, since it would be a descriptive 
rather than an imaginative task. However, such a definition would be 
voluminous and academic, and thus probably of little practical use. 
The usefulness of a definition that is meant to serve as a basis for action 
—a working definition—is determined by its practical applicability, not 
by the degree of its completeness. A working definition must be judged 
in the light of its stated purpose. Therefore there is little sense in arguing 
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to what extent such a definition is right : what is relevant is whether it is 
applicable—and whether it contributes to meeting the agreed purpose, 
which, in the given instance, is tuberculosis control. 

Tuberculosis control, like the control of any communicable disease, 
aims to prevent the transmission of infection, The aim of case-finding 
in tuberculosis control is to identify the sources of infection in a com- 
munity—i.e., persons who transmit infection with tubercle bacilli. 
Consequently, for the purpose of tuberculosis control, a “ case” is an 
individual discharging tubercle bacilli. | 

“Since the introduction of chemotherapy, the issue has become clearer 
and much of the argument about what is or is not a case is now mainly 
of academic interest. The chemotherapy of tuberculosis is antibacterial 
treatment acting chiefly against the tubercle bacillus. Hence, excretors 
of tubercle bacilli are a clear priority for chemotherapy and are thus the 
target of case-finding. 


Pike. bHeall™ coprnckim |e 
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How many bacilli are present in a sputum ‘specimen found 
positive by smear inicroscopy ? 


If a smear is properly prepared, it is likely that the number of bacilli 
contained in it will be related to the concentration of bacilli in the 
sputum. This numerical relationship, which has been investigated by 
many authors (/-4), may be illustrated by the following example. 

The amount of sputum on a slide for smear preparations is about 
0.01 ml *—roughly the quantity of concentrated sputum delivered by a 
wire loop with an internal diameter of 3 mm (Fig. 1). This sputum is 
spread over an area of 200 mm? (10x 20 mm). Since the area of an oil- 
immersion field seen in the microscope is about 0.02 mm?, 10 000 such 
fields need to be screened in order to examine the whole smear.’ If 
100 oil-immersion fields are examined, only 1% of the smear is screened. 


Fig. 1 
Wire loop and slide used for the preparation of sputum smears 
— aa 
| | 
| | 


20 mm 


WHO 78007 


Wire loop 
(internal 
diameter: 3 mm) 


Thus, if a sputum specimen contains about 5000 bacilli per millilitre, 
the whole smear (if prepared as described) will contain about 50 bacilli: 
If these 50 bacilli were evenly distributed over the 10000 fields of the 


@ Certain investigators estimate the amount to be only 0.003 ml 


b . . 
ig ae fem ec of 1000x — i.e., 100 for the oil-immersion objective 
ess uc. or : © eye-piece. (The size of a field in fluorescence microscopy is 
rk es be arge with an objective of 25x and an eye-piece of 10x.) B 
& one length (20 mm) of a smear, about 100-120 microscopic fields ate 


screened (the diamet : 
0.2 mm). eter of a field at the above-mentioned magnification being 0.16- 
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smear, there would be | bacillus in 200 fields. By examining 100 fields 
there is a 50% chance of finding this bacillus. In order to find at least 
3 acid-fast bacilli (usually recommended as the minimum number for a 
smear to be reported as positive), about 600 fields would have to be 
screened: By examining 300 fields, there is an approximately 50% 
chance of finding 3 bacilli (5-7). 

Under the same assumption—i.e., an even distribution of acid-fast 
bacilli in the specimen and smear—to find 1 acid-fast bacillus in every 
10 fields (or 10 in 100 fields) would require 1000 such bacilli to be present 
in the smear (10000 fields) or 100 000 (10°) per millilitre of sputum 
(Table 1). To find 1 acid-fast bacillus per field on the average would 
require 10° bacilli per millilitre of sputum (Table 1). Thus a specimen 


Table 1 


Estimated numbers of acid-fast bacilli in sputum specimens and probable numbers 
of bacilli in smears (estimated minimum values) 


—_—_—_—_—_—_—_—_"_—_ aaa 


No. of oil-immersion No. of bacilli No. of bacilli 
fields per bacillus per smear per ml of specimen 
100 100 10 000 
10 1 000 100 000 
1 10 000 1 000 000 


that is consistently found to be positive would have to contain at least 
100 000 acid-fast bacilli per millilitre. These estimations have been made 
under the assumption that the bacilli are evenly dispersed throughout 
the specimen—i.e., that each loop of material taken from the specimen 
will contain the same number of acid-fast bacilli spread evenly over the 
whole smear. However, from experience and from experiments it is 
known that bacilli are not evenly dispersed in a specimen, but are 
frequently found in clumps.* Thus, when several samples are taken 
from a sputum specimen, the number of bacilli will vary from one sample 
to another. Nevertheless, when special culture techniques were used to 
compare the number of bacilli in large numbers of samples taken from 
different sputum specimens, certain important observations could be 
made. In particular, the numbers of colonies cultured from samples 
taken from the same specimen differed from each other only within 
certain limits—i.e., not at random (see “‘ How reliable is smear micro- 
scopy ?”—page 14). Likewise, variations in colony counts among 
samples from different specimens did not occur randomly, but were due 
to differing concentrations of acid-fast bacilli in the specimens. In spite 


@ Bacilli in a smear tend to follow a Poisson distribution, like red blood cor- 
puscles in a haematocytometer. 
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of the considerable sampling error, it may be concluded that the amount 
of bacilli in the smear corresponds fairly closely to the concentration of 
bacilli in the sputum (4). These experiments also showed that, below a 
certain concentration of bacilli in a sputum specimen, the probability 
that acid-fast bacilli will be transferred from the specimen to the smear 
and found by microscopy approaches zero. | 
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What are the main causes of a false positive or false negative 
sputum smear ? 


False positive results 


Acid-fast particles other than tubercle bacilli 


Occasionally, a sputum specimen or smear may contain particles that 
are acid-fast—i.e., when treated with the Ziehl—Neelsen method, they 
retain their red stain (carbolfuchsin) and resist decolorization with acid- 
alcohol. These red particles may sometimes resemble tubercle bacilli. 
They include certain food particles (e.g., waxes, oils), precipitates, other 
micro-organisms, inorganic materials, and artifacts (J-6). 

Food particles. To eliminate these, the patient should rinse his mouth 
with pure water and clean his teeth (without using tooth-paste or 
disinfectant) before producing the sputum specimen. It is even better 
if the patient produces the specimen before breakfast or on an empty 
stomach. ; . 

Precipitated stains. Though these are quite easy to differentiate from 
acid-fast bacilli, they may hamper reading or occasionally mislead an 
inexperienced microscopist. Precipitates can be removed by filtration of 
staining solutions. However, it is safer to use freshly prepared solutions, 
filled into carefully cleaned bottles, rather than stale staining solutions. 

Saprophytic acid-fast bacilli. These occur in soil and water, and may 
occasionally get into the specimen or smear during processing. This can 
be avoided by using distilled or boiled water from Scrupulously clean 
containers. 

Mycobacterium kansasii or Nocardia species. These occasionally oc- 
cur in specimens. When they cause pulmonary disease, they are usually 
present in large numbers. 

Spores of Bacillus subtilis. These are very rare, mostly of ovoid shape, 
and larger than tubercle bacilli. 

Fibres and pollens. Fibres, including those of wool, cotton, filter 
paper, and bamboo, usually occur singly, most often in only one 
microscopic field. The pollen of certain pine trees is seen as short, 
coccoid rods occurring very rarely in specimens. 

Scratches on the slide. Scratches may sometimes retain the red stain 
and confuse beginners. They are usually seen in parallel rows, are 
generally longer than acid-fast bacilli, and are undulated. They can be 
identified easily, because they are found in a deeper layer on the slide, 
below the smear, disappearing when the cells (e.g., leucocytes) in the 


smear are focused on. 
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Contamination through the transfer of bacilli from one smear to another 


It may happen that acid-fast bacilli are transferred accidentally from 
a positive slide to a negative one, when several slides are treated simul- 
taneously in staining or decolorization tanks. This can be avoided by 
processing each slide separately—e.g., on a rack. Such racks are usually 
made of wire and can be decontaminated easily by flaming. 

Acid-fast bacilli may also be transferred accidentally when the glass 
rod or dropper used for placing immersion oil on the slide touches the 
surface of a positive slide and rubs off some of the material. The same 
can happen when blotting paper is used for drying several stained smears 
consecutively. Therefore blotting paper should not be used at all, or 
for no more than one slide. The oil dropper should not touch the smear, 
and the oil should be allowed to drip freely on to the slide. For the same 
reason, the surface of the slide should not be rubbed with the oil 
immersion objective. Before a new smear is examined, the oil should be 
wiped off the lens with a piece of clean cotton tissue or, even better, with 
special lens-cleaning paper. 

When microscopy is used for the detection of acid-fast bacilli, slides 
should never be used more than once. x 


False negative results 


False negative results (/-6) are commonly due to deficiencies in the 
preparation of the smear, in staining, and in scanning. Adequate 
collection of the specimen and subsequent selection of sputum particles 
are essential to the preparation of a smear and should receive special 
attention. 


Deficiencies leading to false negative results include the following: 


Inadequate sputum collection 


The patient is sometimes not told clearly enough what constitutes 
a proper sputum specimen and how he should produce one. It must be 
made clear to him that saliva and nasopharyngeal discharge are unsuitable 
for examination. Patients should be encouraged and given time to 
produce bronchial sputum from the “‘ depths of the chest”. If repeated 
attempts have failed, tickling of the inner surface of the epiglottis or 
trachea with a swab, or intratracheal instillation of 5-10 ml of cool 
saline or sterile water may provoke a vigorous cough with sputum. 
ao. to stimulate the production of sputum, such as aerosol 

ction, gastric aspiration, and bro i 

ogi ss speciale nchoscopy, require more complex 
_ Ifa patient discharges acid-fast bacilli in his sputum, these are more 
likely to be found in a specimen produced in the early morning than in 
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one produced later in the day. If early-morning sputum is required, the 
patient should be given a container and instructed to place in it the very 


first sputum he produces in the morning, before breakfast and before 
taking any medicaments. 


Inadequate storage of sputum specimens and stained smears 


Acid-fast bacilli may lose their acid-fastness as a result of exposure 
of the specimen to direct sunlight, radiation (e.g., ultraviolet light), 
excessive heat, or storage for more than.a week in hot and dry conditions. 

If Ziehl-Neelsen-stained smears have to be stored for re-examination, 
the immersion oil must be washed from the smears with xylol because 
it removes the stain from the acid-fast bacilli. 

Fluorochrome-stained smears will lose their fluorescence with storage. 


Failure to select suitable sputum particles for smear preparation 


Tubercle bacilli are most likely to be found in little blobs (‘‘ lentils ”’) 
of greenish-grey or yellowish matter of a thick, creamy consistency. 
(Such blobs usually consist of dead caseous tissue eliminated from a 
cavity in the lung.) If the sputum is not treated by a special concentration 
procedure involving centrifugation, these blobs have to be carefully 
separated from the rest of the sputum and transferred to a slide. They 
can be seen more easily in the sputum against a dark background. 


Inadequate preparation of smears or staining of slides 


False negative results may be obtained also when : 


(a) too little material has been spread on the slide, so that the smear 
is too thin ; 

(6) the smear is too thick, so that sufficient light cannot pass through 
it ; 

(c) the slide has been over-heated when fixing the smear ; 

(d) the smear has not been sufficiently fixed and parts of the material 
have been washed off ; 

(e) the staining with carbolfuchsin was too short or was overdone 
by boiling ; or 

(f) the counterstaining was too intensive, so that the acid-fast bacilli 
have been obscured. 


Inadequate examination of the smear 


If the scanning is done erratically or too briefly, too few fields may 
be examined. (Occasionally the examiner is unable to distinguish the 
red-stained acid-fast bacilli because of colour blindness or other visual 
disturbances.) 
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Other reasons for false results 


Administrative errors 

Such errors may include : 

(a) misidentification of patients, misspelling of names, or confusion 
of names or of code numbers of specimens and slides ; 

(b) mistakes in labelling containers ; and 

(c) false recording or reporting. 


Reading errors 


Reader or observer error, which is due mainly to visual or psycho- 
logical reasons, occurs in practically all diagnostic clinical and laboratory 
work. The nature of this phenomenon, sometimes called the ‘‘ human 
factor”’, is to a large extent unknown. Nevertheless, under certain 
conditions, it is measurable. The degree and frequency of error—over- 
reading as well as under-reading—varies from one person to another and 
also within the same individual at different times. 

Inter-individual reader variation in smear microscopy has been 
repeatedly studied and its frequency has been found relatively low 
compared, for instance, with inter-individual error in chest radiography 
(see ““ How reliable is smear microscopy ? ”—page 14 and the section on 
Comparison of reader disagreement in chest radiography and smear 
microscopy under “ How reliable is chest radiography ?””—page 33). 
Several studies have been carried out to compare the results of different 
readers who independently examined smears prepared from the same 
specimens. On the question: “Is the smear positive for acid-fast 
bacilli—Yes/No ?”’, the frequency of agreement was 93%. Such a high 
level of agreement has never been observed among readers of chest 
radiographs, even on such basic questions as : “ Is the lung X-ray normal ? 
—Yes/No?” and “ Is there a cavity present ?—Yes/No ?” (see ‘“‘ How 
reliable is chest radiography ? ”—page 28). 

_ It seems likely that many reader errors would be avoided if each 
microscopist were properly trained and strongly advised to report what 
he actually saw, and never what he thought he was expected to see. 
Diagnostic bias in favour of sickness—or, in treated patients, in favour 
of cure—is a known reason for diagnostic error. However, discrepancies 
in the results of smear microscopy are far more often due to deficient 
sputum collection and smear preparation than to reader error. 
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How reliable is smear microscopy ? 


To appraise the reliability of smear microscopy quantitatively, 
answers to the following questions are needed : 


1. What is the probability of finding or not finding acid-fast bacilli in 
smears prepared from specimens containing bacilli in low, intermediate, 
and high concentrations ? 

2. What is the probability of reporting a (false) positive result for smears 
from specimens without tubercle bacilli ? 

3. What is the frequency of agreement between microscopists or 
laboratories reporting the results for smears prepared from the same 


specimens ? 


Part of the answer to question (1) is supplied by Table 1 under “ How 
many bacilli are present in a sputum specimen... 2—page 7. The 
figures in that table are derived partly from experimental findings and 
have been extrapolated on the assumption that bacilli are evenly dis- 
tributed throughout specimens—i.e., that each sample or loopful of 
specimen contains the same amount of bacilli spread evenly over the 
smear. Since the bacillary content varies from one sample to another, 
however, such measurements must be performed on a large number of 
specimens, taking the results of culture as a yardstick. In several studies 
carried out in the past (2, 3), the bacillary counts of smears were compared 
with the number of colonies grown on cultures prepared from the same 
specimen. 

In a cooperative study by eight laboratories * it was confirmed that 
colony counts for samples taken from the very same specimen varied 
from one sample to the next. Nevertheless, these variations were, as a 
rule, within certain limits and thus not at random. The disparity of 
colony counts between samples from different specimens was due chiefly 
to the fact that the concentrations of bacilli in these specimens varied. 
It was concluded, therefore, that there is a positive correlation between 
the concentration of culturable bacilli in the specimens, the number of 
acid-fast bacilli in the corresponding smears, and the probability of their 
being identified by microscopy. The results (Table 1) showed, as 
expected, that the chance of finding acid-fast bacilli in a smear increases 
with the concentration of bacilli in the specimen. By plotting the data, 


* Davip, H. L. er AL. Sensitivity and specifici i i 
, . pecificity of acid-fast microscopy. 
Atlanta, GA, U.S. Department of Health, Education, and Welfare, Center fot 


Disease Control (unpublished workin 
mittee on Tuberculosis, Geneva, i973. paper prepared for the WHO Expert Com- 
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a smooth curve is obtained, which shows that the 50% probability of 
finding acid-fast bacilli in the smear occurs at a concentration of about 
6000 bacilli per millilitre. Similar values had been reported earlier by 
Carvalho (2) and by Cruickshank (3). 


Table 1 


Numbers of acid-fast bacilli observed in smears, 
concentrations of culturable bacilli in sputum specimens, 
and probability of positive results ¢ 


No. of bacilli Estimated concentration Probability 
observed of bacilli per ml of specimen of a positive result? 

0 in 100 or more fields * less than 1 000 less than 10% 
1-2 in 300 fields 5 000-10 000 50% 
1-9 in 100 fields about 30000 80% 
1-9 in 10 fields about 50000 90% 
1-9 per field about 100000 96.2% 
10 or more per field about 500000 99.95% 


* After David (1). 
> The probabilities indicated were determined empirically. 


q pet peri ey 0.01 ml of homogenized sputum was placed on the slide and spread over 
an area of about 200 mm?. The area of a microscope field under oil immersion and at a magni- 
fication of 1000 is 0.02 mm?. Thus, a smear would contain about 10 000 such fields (see ‘‘ How 
many bacilli are present in a sputum specimen... ? ''—page 6). 


In order to cross-check their findings, David et al. tried to determine 
the frequency (probability) of not finding any acid-fast bacilli in the 
smear for various concentrations of bacilli estimated from viability 
counts. They examined 431 specimens in three independent experiments. 
The concentrations of bacilli ranged from 1500 to 300 000 per millilitre. 

Each microscopist was to examine smears from all specimens obtained 
from a group of selected patients. Uniformity in the technical procedures 
of smear preparation and examination in the participating laboratories 
was ensured by a research protocol. The investigation was designed in 
such a way that no microscopist could know the results obtained by other 
microscopists or the origin of the specimens, or have access to any other 
information that might result in bias. The proportions of smears reported 
as negative are shown in Table 2. 

This table clearly shows that the probability of not finding acid-fast 
bacilli in smears decreases steadily as the concentration of bacilli in the 
specimen increases. When the concentration exceeds 100 000 organisms 
per millilitre, the probability of a negative smear result approaches zero. 
This confirms earlier findings that smears found to be consistently 
positive, at any examination, had been prepared as a rule from specimens 
containing 10°-10° acid-fast bacilli or more per millilitre. 

However, in the opinion of the investigators, the use of culture colony 
counts for the calculation of the bacillary content of sputum has 
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Table 2 


Percentage frequency (probability) of a negative result 
for smears from specimens containing varying concentrations of 
bacilli estimated by culture (colony counts) @ 
Exper No. 


Estimated concentration 1 Aveseoe 
of bacilli per ml of specimen ae 6 


negative results (%) 


1 500 — 85 92 88.5 
3 000 84 83 77 81.3 
15 000 25 28 6 19.6 
30 000 16 30 6 17.3 
150 000 0 0 5 1.6 
300 000 0 0 0 0.0 
No. of smears studied 42 100 289 — 


* From H. L. David et al., unpublished (op. cit.). 


limitations and it is technically difficult to obtain accurate results with 
this method. Rather large numbers of samples need to be examined and 
a special technique must be used in order to minimize the technical error 
occurring when specimens contain a large proportion of bacilli in 
aggregates. (It is impossible to tell whether a colony on a culture medium 
has grown out of a single bacillus or from a clump of bacilli.) On the 
other hand, acid-fast bacilli that can be seen under the microscope may 
not always be able to grow on culture—e.g., because they are dead or 
have a poor metabolism (see “‘ What are the main causes of a false positive 
or false negative sputum smear? ”—page 9). The investigators therefore 
chose a method that does not depend on culture results. 

Since the aim was to measure the reliability (reproducibility of results) 
of the smear microscopy method, the reports of several proficient micro- 
scopists who examined smears from the same specimen were compared. 
Irrespective of whether a report was right or wrong, the frequency of 
agreement or disagreement between the microscopists was measured.” 
The smears were read strictly independently, according to a protocol. 
The experiment was arranged as follows. 

The 54 specimens under study were read by 4 microscopists. Four 
smears (1 per microscopist) were prepared from each specimen and 
examined independently. The four results obtained for each specimen 
were recorded according to the NTA scale (5), using the scores : 0, (+), 
1+, 2+, and 3+. The results for each specimen were compared 
separately, the result of one microscopist being compared with the 
results of the other three microscopists in all possible permutations. 


* A similar, though more subtle, method of measuring the rate of agreement 


between readers of chest X-ray films h : a 
reliable is chest radiography 7 aes oe), n used earlier by Nyboe (4) (see “‘ How 
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Example 


For specimen X, the results of microscopists A, B, C, and D were 
AX, BX, CX, and DX, respectively. Comparisons were made of : 


BX AX AX AX 
AX with CX BX with CX CX with BX DX with BX 
DX DX DX CX 


Thus 12 results were obtained for each specimen. By this means, it was 
possible to construct a correlation table (Table 3) showing the frequency 
of agreement and disagreement between the four microscopists. The 
total number of comparisons was 648, of which 4 were not reported. 


Table 3 


Frequency of agreement or disagreement of one microscopist 
with all other microscopists 4 


Report of one Reports of all other microscopists ” Total No. 
microscopist 9 (+) 1+ 2+ 3+ of observations 
o°¢ wat 309 
(+) ¢ 41 
1+ 43 
2+ sl 335 
3+ 177 
Total 644 


* See footnote to Table 2. 

» The figures in the box, totalling 311 observations, are the readings reported by any 
microscopist as positive—i.e., 1+, 2+, or3+. 

© 0 = negative result. 

# (+) = doubtful result: 1-2 acid-fast bacilli in the entire smear; the examination needs 
to be repeated. 


Table 3 shows that the highest frequency of agreement was on the 
extreme scores 0 and 3+ (all identical results are found on the diagonal). 
Furthermore, it may be seen from the table that, when one microscopist 
reported the result 0 or (+), in only 22 of 309 instances (7%) did other 
microscopists report a positive result (1+, 2+, or 3+) ; in other words, 
there was agreement between the microscopists in 287 of 309 cases (93%). 
Likewise, if one microscopist reported a positive result, the probability 
of agreement with other microscopists was 311 out of 335 (92.8%). 

The lowest frequency of agreement was on results reported as 
doubtful: when one microscopist reported (+), there was an 88% 
probability (36 out of 41 instances) that other microscopists would 
disagree. It is justifiable, therefore, to consider the finding of 1-2 acid- 
fast bacilli in a smear not as positive but as inconclusive, and to repeat 
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the examination. As Table 3 shows, when one microscopist reported (+), 
the others reported a negative result in 24 out of 41 instances (59%). 
This is in accordance with the findings of another investigation, in which 
sputum specimens from patients with chest symptoms were negative on 
culture in 3 out of 4 cases when only 1-2 acid-fast bacilli had been seen 
on the smear.* 

Regarding the grading of positive results, the data show that agree- 
ment decreased steeply below the score 3+ (Table 4). According to this 
table, agreement on the scores 1+ and 2+ was quite low: 25% and 
34% (see data on the diagonal). Thus the differentiation between score 
1+ and score 2+ appears to be rather illusory. Particularly under 
routine conditions in the field, a two-step grading of positivity might 
suffice for diagnostic purposes. Whether a multiple-step grading of 
positive results would be more informative for the monitoring of 
chemotherapy by smear microscopy needs to be demonstrated. 


Table 4 


Frequency of agreement or disagreement between 
one microscopist and all others on the score of positive results 
(data from Table 3 presented in percentages) 


All other microscopists 


—_——$—$—$—$————$—————_______.. Total (%) 
0 (+) 1+ 2+ 3+ : 
1+ 19 5 — 42 9 100 
One microscopist 2+ 2 7 14 ee 100 
3+ 0 2 2 28 ll 100 


The above-mentioned experiment has shown that the reliability 
(reproducibility) of results was high. By independent examination of 
smears prepared from the same specimens, the frequency of agreement 
between equally proficient microscopists may attain 93%. However, 
these results were achieved under experimental conditions and with 
experienced laboratory technicians. The question arises: “‘ How does 
smear microscopy work under field conditions, particularly in peripheral 
health centres of developing countries ? ” 


Smear microscopy under field conditions in developing countries 


In peripheral health centres, sputum collection, the preparation and 
Staining of smears, and their examination by microscopy are usually 
performed under suboptimal conditions—often by microscopists with 
limited experience. This applies to most of the peripheral health centres 


2H. G. TEN Dam, unpublished observations, 1976. 
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in rural areas, which are attended by the majority of patients complaining 
of chest symptoms. As a rule, such patients are offered a sputum 
examination for diagnosis. It follows that the standard of case-finding 
in developing countries depends, in addition to operational factors, 
largely on the technical performance of smear microscopy. 

For the technical assessment of the qualitative performance of sputum 
examination in rural health institutions, several studies were carried out 
by the National Tuberculosis Institute, Bangalore (6, 7). In a South 
Indian district, where the “ District Tuberculosis Programme ” had been 
implemented about 6 months before the investigation, the performance 
of 9 randomly selected health centres was analysed. The microscopists 
at these centres were non-specialized health workers who had been 
trained for 2-4 weeks in the collection and examination of sputum 
according to a manual that had been given to them. Their training had 
been imparted on the job by an experienced laboratory technician—a 
member of the tuberculosis control team (8, 9) that was responsible for 
the implementation and supervision of the programme in the entire 
district (population : 1.5 million). 

Method of assessment. In each of the 9 centres, one sputum specimen 
was collected from every patient complaining of prolonged chest symp- 
toms, and a smear was prepared and examined on the spot. The slide 
was then sent, together with the specimen, to the laboratory at the 
National Tuberculosis institute. Here, the slide was re-examined and a 
fresh (duplicate) smear, as well as a culture, were prepared from the 
specimen. 

The results obtained at the peripheral health centre were then 
compared with those of the reference laboratory—i.e., the results of 


(a) re-examination of the smear made at the peripheral centre, 
(6) examination of the duplicate smear, and 
(c) culture examination. 


The results in respect of under- or over-reading were analysed and 
tabulated for each health centre separately. The result of culture was 
taken as the yardstick. Of 1681 specimens, 228 were found culture- 
positive and 1453 culture-negative. 

Over-reading of culture-negative specimens. In order to estimate the 
extent of over-reading by the peripheral health centres, culture-negative 
specimens were taken as the standard and were compared with the results 
of the corresponding smears reported by the peripheral centre and by the 
reference laboratory (Table 5). 

There were 1453 specimens negative by culture, of which 2.6% were 
reported by the health centre as positive. The same smears were re- 
examined at the reference laboratory and 1.3% were reported as positive. 
Thus over-reading was, on the average, higher at the peripheral health 
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Table 5 
Over-reading of smears (prepared from culture-negative specimens) 
read at the peripheral health centre and at the reference laboratory (7) 
an 


Read as smear-positive at: 


Total No. 
Centre of culture-negative peripheral reference 
specimens health centre laboratory 


a 306 5 4 
B 233 8 1 
c 159 7 7 
D 156 2 2 
E 108 12 2 
F 111 3 1 
G 100 1 1 
H 84 0 1 
! 196 0 0 
Total 1 453 (100%) 38 (2.6%) 19 (1.3%) 


centre than at the reference laboratory. However, a more detailed 
analysis shows that this difference was attributable mainly to one centre : 
E. Excluding this centre from the analysis, the proportion of over- 
reading drops to 1.9%. The proportion of over-readings by duplicate 
smear was 1.2%, compared with 1.3% by re-examination (not tabulated). 

Under-reading of culture-positive specimens. In order to estimate the 
extent of under-reading at the peripheral centres, the culture-positive 
specimens were taken as the standard and compared with the results of 
the corresponding smears reported by the peripheral centres and the 
reference laboratory (Table 6). 


Table 6 


Under-reading of smears (prepared from culture-positive specimens) 
read at the peripheral health centre and at the reference laboratory (7) 


ee eee 


Fron. Tota No. Read as smear-negative at: 
entre of culture-positive 
specimens heakth contre eye od 

ee >) eee Tee 

A 101 27 26 

B 21 7 8 

Cc 23 7 5 

D 22 19 ) 

E 15 6 6 

F 16 5 o 

G 15 7 5 

H 10 8 3 

! 5 1 1 


Total 228 (100%) 87 (38.2%) 67 (29.4%) 


TUBERCULOSIS CASE-FINDING 21 


Under-reading at the health centre was 8.8% worse than at the 
reference laboratory. This difference was caused mainly by the poor 
performance of two centres : D and H. If these two centres are excluded 
from the analysis, the degree of under-reading at the peripheral centres 
and at the reference laboratory is practically the same : 23% and 26%, 
respectively. 

The authors of the study concluded that over-diagnosis by the micro- 
scopists of the peripheral health centres was a problem in only 1 of 
9 centres. The investigators expect that additional training or other 
corrective action would rectify the deficiency observed. This applies also 
to under-diagnosis in two of the centres, where corrective training and 
proper supervision are needed. Comparison of the results with those 
obtained in other tuberculosis laboratories in India (10, 11) revealed a 
similar range of over- and under-reading when the culture results were 
taken as the basis. 

The authors concluded, furthermore, that non-specialized staff of 
general health institutions are capable of carrying out satisfactory smear 
microscopy. Taking into consideration the short period of training 
usually received, it may be expected that, under continuous supervision 
and by corrective retraining, the performance of such microscopists 
could be maintained at a satisfactory level (see “‘ What are the main causes 
of a false positive of false negative sputum smear ? ”—page 9). 

In another assessment study reported recently from Algeria (/2), 
a similar method was used. The results of re-examination of smears 
prepared and read by non-specialized staff at the health centre and 
re-read at a central laboratory were comparable. Thus, double reading 
of 104 smears yielded 95% identical results. Of 86 smears classified 
as negative by the central laboratory, 2 were read as positive by the 
non-specialized microscopists, and of 18 smears read as positive at 
the central laboratory, 3 were judged to be negative at the peripheral 
centre. The authors commend the use of direct smear microscopy at 
peripheral health centres under the supervision of a central laboratory. 
Furthermore, they rightly point out that it makes little sense to strive 
for more refined diagnostic techniques or greater precision for as long 
as the health services are not able to provide adequate treatment for 
every case diagnosed—the principal purpose of case-finding. 

Both field studies have indicated that smear microscopy done by 
non-specialized health workers may be fairly reliable. Training can be 
imparted even on the job by qualified technicians. However, to attain 
a satisfactory level of proficiency, retraining of those whose performance 
is below standard must be ensured. Re-examination of smears and 
examination of duplicate smears prepared from the same specimens are 
valuable techniques for the supervision and technical assessment of smear 
microscopy in peripheral health centres, At a later stage of development, 
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when culture facilities are introduced, they should be used primarily to 
assess diagnosis by direct smear examination and then, if possible, for 
clinical diagnosis and the evaluation of chemotherapy. 
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What are the advantages and disadvantages of fluorescence 
microscopy ? 


Fluorescence microscopy for the diagnosis of acid-fast bacilli was 
introduced about 40 years ago. At first, the equipment of these micro- 
scopes had many technical shortcomings. They were difficult to handle 
and had to be used in dark rooms. Therefore fluorescence microscopy 
was received with reservations and sometimes was criticized. The 
equipment has since been substantially improved and fluorescence 
microscopy has been acknowledged as a valuable method, particularly 
in general immunology (fluorescent antibody investigations). Further- 
more, the examination of sputum smears by fluorescence microscopy has 
become a well-established method in a good many large laboratories. 

The main advantage of the fluorescence microscope is that a low- 
power objective is used. By that means, the field seen is many times 
larger than that seen through an oil-immersion objective : the size of the 
former, with a 25 x objective, is about 0.34 mm?, whereas that of the 
latter is only about 0.02 mm?. Thus, by fluorescence microscopy, the 
Same area of a smear can be scanned in a much shorter time than it can 
by conventional Ziehl-Neelsen microscopy. While the maximum 
number of Ziehl—Neelsen-stained smears that a microscopist can examine 
properly in a working day is about 30-40, he could examine 200 or more 
smears by fluorescence microscopy in that time (J-3). 

Since about 15 times as many fields can be scanned by fluorescence 
microscopy as by Ziehl—Neelsen microscopy in the same period, there 
should be a higher probability of finding acid-fast bacilli by the former 
than by the latter, particularly if a smear contains only a few bacilli. 
This was confirmed by a comparative study on a large amount of 
routine material. The study showed that fluorescence microscopy 
carried out for 1 minute gave more true positive, and no more false 
positive, findings than Ziehl—Neelsen microscopy for 4 minutes, judging 
by the culture results (/). 

The two techniques have been compared in a number of studies. 
In a recent investigation, 175 sputum specimens were examined in 
parallel (H. L. David et al., unpublished data, 1975).* From each 
specimen, duplicate smears were prepared and examined independently, 
one by conventional microscopy and the other by fluorescence micro- 
scopy. The results obtained with each technique were recorded for 


® From a working paper for the WHO Expert Committee on Tuberculosis 
meeting, Geneva, 11-20 December 1973, prepared at the Center for Disease Control, 
Public Health Service, US Department of Health, Education, and Welfare, Atlanta 


GA, USA. 
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every pair of smears separately, and from these data a correlation table 
(Fig. 1) was constructed. Results that were identical are plotted on the 
diagonal. Scores higher by fluorescence microscopy are shown above 
the diagonal and those higher by Ziehl-Neelsen microscopy below it. 


Fig. 1 


Correlation between conventional bright-field microscopy 
(Ziehl-Neelsen) and fluorescence microscopy : results of examining 
175 sets of duplicate smears independently by both methods 


Fluorescence microscopy 


(+)? + 


2 


<= ee ee eee ee eee << re ee ee ee ee ee ee 


eee ee me men <r e mee eee 


7 Doubtful result WHO 78190 


As the table shows, scores were definitely higher by fluorescence micro- 
scopy. However, the total yield of positive results from the 175 specimens 
was only slightly higher by fluorescence microscopy : 65 (37%) positive 
as against 59 (34%) positive by the Ziehl-Neelsen method (see Fig. 2— 
a simplified version of Fig. 1 obtained by pooling the data under 0 and 
(+)*% on one side and those under +, ++, and ++4 on the other 


* Only 1 or 2 acid-fast bacilli found. 
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side). Disregarding the scores, 157 (104 + 53) of the 175 pairs of smears 
gave identical results—i.e., there was 90% agreement or 10% dis- 


agreement. 


Fig. 2 


Correlation between Ziehl-Neelsen and fluorescence microscopy 
(simplified version of Fig. 1) 
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In a previous, more comprehensive, study comparing both techniques 
with the culture method (3), 1383 specimens were collected, a pair of 
smears and one culture being made from each. The smears were examined 
independently, one by conventional Ziehl—-Neelsen microscopy and the. 
other by fluorescence microscopy (Fig. 3). The main purpose of the 
study was to assess the efficacy of each technique, in comparison with 
culture. Another aim was to see whether fluorescence microscopy 
yielded false positive results and, if so, how many. This information was 
essential because it had been suggested that sputum might often contain 
naturally fluorescent particles that could be confused with acid-fast 
bacilli (4). 

For convenience of comparison, the data from Fig. 3 have been 
presented in two separate tables (Fig. 4). Comparison of the positive 
yield of fluorescence and of Ziehl—-Neelsen microscopy with that of culture 
showed perhaps a slight advantage in favour of fluorescence microscopy : 
of the 655 specimens positive by culture 441 (67.3%) were positive by 
that method and 433 (66.1%) by the Ziehl—Neelsen method. 

There was practically no difference between the two methods as 
regards false positive results. Of the 456 positive by fluorescence 
microscopy, 15 (3.3%) were not confirmed by culture, compared with 
14 (3.1%) of 447 positive by Ziehl-Neelsen microscopy. In other words, 
97% of the positive yield of either technique was unequivocally confirmed 
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Fig. 3 
Results of examining 1383 sputum specimens by fluorescence microscopy (FL) 


and Ziehl-Neelsen microscopy (ZN) and by culture: 
summary table after Holst et al. (3) 


Smear results Specimens 
FL ZN 


1) Smear 
Culture 


+1+ +14 


2) Smear ) 
Culture 


3) Smear 
Culture 

4) Smear ) 
Culture 


Contaminated cultures 


Total 1383 100.0 
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Fig. 4 


Comparison of fluorescence microscopy with culture 
and Ziehl-Neelsen microscopy with culture 
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by culture. Thus the fears about a low specificity of the fluorescence 
technique * seemed to have been unwarranted (5). The examinations 
were carried out not by selected or senior members of the laboratory staff 
but by regular laboratory personnel with experience in fluorescence 
microscopy. The results may thus be regarded as a standard performance 
for reasonably competent technicians. 

Disadvantages of fluorescence microscopy are the relatively high cost 
of a complete microscope unit and its maintenance. Nevertheless, in 
central or other large laboratories where the workload exceeds that of 
three technicians working with three conventional microscopes, it is 
cheaper to use one fluorescence microscope instead. That calculation 
applies also to places where the salaries of technicians are low—e.g., in 
developing countries (6). In countries where salaries are higher, fluor- 
escence microscopy is generally less expensive than Ziehl—Neelsen 
microscopy because it saves costly manpower (7, 8). 

Other disadvantages of the method are that the handling and main- 
tenance of the optical equipment require advanced technical skill. The 
fluorescence microscope is also less robust. Spare parts—e.g., bulbs— 
have to be replaced from time to time, and occasionally repairs are 
necessary ; a continuous supply of standard electric power with almost 
no voltage fluctuations is needed. These requirements are often difficult 
to meet in developing countries. 


* The high specificity of fluorescence microscopy in the diagnosis of tuberculosis 
has recently been confirmed by Laven (9). 
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How reliable is chest radiography ? 


The introduction of radiography as a diagnostic tool was an important 
landmark in our knowledge of the natural history and diagnosis of 
tuberculosis in man. No wonder that the enthusiasm with which it was 
received and applied sometimes caused the method to be overrated. 
Thus, it is still widely believed that tuberculosis of the lung can be 
diagnosed by chest radiography alone. However, practical experience 
and a number of studies have proved that no radiographic picture 
(or pattern) is absolutely typical of tuberculosis. Many diseases of the 
lung show a similar radiographic appearance and can easily imitate 
tuberculosis. On the other hand, the lesions of pulmonary tuberculosis 
can take almost any form on a radiographic picture (/). 

Chest radiography can undoubtedly be very helpful in localizing 
abnormalities in the lung. But to establish the tuberculous etiology of 
an abnormality further examination is necessary, and only bacteriology 
can provide the final proof. 


Observer error 


The efficacy of chest radiography is determined largely by the reader’s 
ability to detect abnormal opacities and to interpret them correctly. 
This implies not missing or under-reading them and, conversely, not 
over-reading normal opacities on the film. This ability varies from one 
reader to another (inter-individual variation). However, it also happens 
that one and the same reader may, at the first examination of a film, 
“ see” certain abnormalities that he does not “ see ” after a week or so, 
when he examines the same film again. On the other hand, at the second 
reading, he may find abnormalities on a film that he regarded as normal 
at the previous examination. This inconsistency (intra-individual 
variation) is even more disquieting than disagreement among different 
readers is. 

Observer error is not a phenomenon peculiar to chest radiography. 
Many clinical tests and laboratory procedures used in everyday practice 
and regarded as precise and objective are subject to observer error in 
varying degrees—e.g., blood pressure measurement, electrocardiography, 
blood cell counts, endoscopy, (visual) colorimetric methods, and 
quantitative skin tests. The extent of observer error was studied several 
decades ago, particularly after the Second World War, when anti- 
tuberculosis campaigns were started in many industrialized countries. 
The first studies were actually carried out to explore the efficacy of various 
radiographic and photofluorographic techniques and.equipment, such as 
small-size mirror camera films. Most of the early studies were designed 
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or conducted by Yerushalmy—a biostatistician whose revealing findings 
soon aroused the interest of radiologists and chest physicians. 

Over- and under-reading. In one of the trials, five experts investigated 
the effects of various sizes of film on the results of chest radiography (2). 
They found that the size of films was far less important than the degree 
of observer variation. Each expert had missed (under-read) approximately 
25% of the “ positive ” films in each series (Table 1). When the same 
films were read again after about 3 months, each reader changed his 
mind in about one-fifth of the cases he had classified as “ positive ” at 
the first reading (an intra-individual inconsistency of 20%). Astonished 
by these findings, two groups of experienced radiologists investigated the 
question further (7, 8). Their conclusion was that the findings were 
indeed correct. 


Table 1 


Observer error: under-reading and over-reading of chest radiographs @ 
(mostly unselected survey material) 


Under-reading Over-reading 
Study (reference) 
% of positives % of negatives 
1. 5 expert readers (2) 25 — 
2. Readers with varying experience (3) 27 LPTs 
3. Mass radiography (4) 32 47 
4. Danish Tuberculosis Index, mass 
radiography (5) 32 1.6 
5. Reader panel (mass radiography of 
15 000 students, 10 readings per film (6): 
(a) All 50 readers 39 1.2 
(6) Selected readers ° 
Group A 21 0.5 
Group B 26 0.3 


* After Garland (6). 
> The reader panel consisted of radiologists and chest specialists. From each group, the 
five ‘‘ best '’ readers were selected. 


Further studies confirmed that 26-43% of films may be under-read 
(3). Thus, a Danish group (5, 9) of three experienced readers of photo- 
fluorograms read 5000 unselected small films independently (Table 1). 
It was found that, on the average, there was 32% of under-reading and 
about 2% of over-reading.* These observations were confirmed in the 
United Kingdom by Cochrane (/0). 

In an American study (4, 6) on the utility of periodic X-ray screening, 
15 000 first-year university students (Table 1) each had a photofluorogram 
taken. The films were read by a panel of 50 readers composed of equal 


@ Under-reading was expressed as a percentage of “ positive’’ films; over- 
reading, as a percentage of “* negative” films. 
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numbers of radiologists and chest specialists. According to a random- 
ization scheme, each reader provided 3000 readings, thus ensuring 
10 independent readings of each film. Every student whose film was 
interpreted as positive by one or more readers was examined further by 
bacteriology, tuberculin test, and tomography, and was followed up for 
the duration of his or her stay at university. Ultimately, 249 films were 
classified as “‘ definitely positive” by a small group of umpire readers 
who had all the necessary information to hand. The extent of inter- 
individual variation was considerable. The level of under-reading of the 
whole panel of 50 readers was, on the average, 39% of the 249 films 
agreed as positive, and 1.2% (156 films) were over-read. Taking only 
the results of the 10 “* best ” readers (5 radiologists and 5 chest specialists), 
the rates of under-reading and over-reading were appreciably lower, but 
still unsatisfactorily high (Table 1, studies 5a and 5b). 

Influence of experience on X-ray reading results. A more recent study, 
conducted by the Research Institute of Tuberculosis, Tokyo, investigated 
the extent of over-reading and under-reading by 192 physicians partici- 
pating in the Japanese national case-finding campaign (//). Special 
attention was paid to the effect of experience in X-ray reading on the 
degree of reader variation (Table 2). 


Table 2 


Observer error : under-reading and over-reading of chest 
radiophotographs (70-mm mirror reflex camera). Influence of experience 
on the reading results of 192 physicians participating 
in the Japanese National Tuberculosis Case-finding Programme. 
Study of the Japan Association against Tuberculosis, 
Research Institute of Tuberculosis (77) 
See! Le hl el 


Under- Over- 
Experience fone eal reading reading 
% % 
ee eee 
(a) 1-4 years? 37 28.0 18.0 
5-9 years 37 19.2 19.0 
210 years 88 17.6 17.0 
or 
(6) 1-5000 films annually 43 22.4 17.5 
5000-20 000 films annually 48 24.0 18.0 
>20 000 flims annually 41 15.2 15.5 
a ee 


Average of all readers 192 21.8 19.5 


* Results from physicians who had practised reading for less than 1 yea 
than 1000 films annually were excluded from the detailed analyses (a) and (b).. nel ee 


Fifty radiographs from persons whose health status was well known 
to the institute were selected for independent reading ; 25 of these films 
were from persons with confirmed tuberculosis or other chest diseases, 


TUBERCULOSIS CASE-FINDING 31 


5 from persons with healed tuberculosis, and 20 from persons without 
any abnormality. The readers were asked only to decide whether further 
examination was indicated or not. When a reader failed to request 
further examination of a person with an abnormality, this was recorded 
as under-reading. A request for further examination of a person with 
a normal chest X-ray film was considered as over-reading. The readers 
compared had experience and practice ranging from less than 1 to 10 
or more years and had read between 1000 and 20000 or more films 
annually (Table 2). 

The average rate of under-reading was 21.8%, and that of over- 
reading 19.5%. However, the rates of under-reading for readers with 
more than 10 years’ experience or who had been reading more than 
20 000 films a year were lower than those of the other readers by about 
6-8%. There was not a single reader who did not make at least 2 mis- 
readings. The investigators estimated that, in the mass X-ray examin- 
ations carried out in Japan, probably about one-fifth of cases with active 
tuberculosis were being missed. In view of the great efforts devoted to 
mass radiography and the high level of technical proficiency in this field 
in Japan, that was a remarkable finding. 

Disagreement between readings of chest roentgenograms for follow-up. 
Disagreement among observers occurs not only when radiographs 
are read for the purposes of case-finding and diagnosis, but also when 
serial films of already diagnosed cases are compared for follow-up. Thus, 
in one study (6), 2 films per patient, taken at different times (9000 pairs 
of films in all) were read. The readers were asked to report whether the 
second film showed evidence of improvement or deterioration, or no 
change. The results are presented in Table 3. Whether the films were 
read by 2 groups composed of 3 radiologists and 3 chest specialists, or 


Table 3 
Reader variation : disagreement in the interpretation of chest X-ray films @ 
(35.6 x 43 cm) 
Inter-individual Intra-individual 
Readers disagreement disagreement 
(%) (%) 
(a) 2 groups of experts 
(3 radiologists and 3 chest specialists) 
Group A 29 19 
Group B 27 24 
(b) 2 expert readers (reading the same 
material) 30 21 


————————————————————— 


* After Garland (6), In this study, 9000 pairs of films from tuberculosis patients had to be 
read Sa ecu natal “4 evidence of changes. Two films from each patient, taken at different 
times, were compared. The question to be answered was: Better, worse, or unchanged ? 
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by 2 expert readers only, the results did not differ much. The level of 
disagreement between readers was about 27-30% and a single reader 
was likely to disagree with himself in about 19-24% of cases. 


IUAT international study on X-ray classification 


One of the most important comparative studies of the reading and 
interpretation of chest X-ray films was organized by the International 
Union against Tuberculosis (IUAT). The main purpose of the study 
was to arrive at a uniform nomenclature and interpretation of X-ray 
findings that could serve as a basis for an international classification of 
chest radiographs (/2). 

A sample of 1100 films was chosen from among several hundred 
thousand films taken at one of the periodic mass radiography surveys of 
the adult population of Norway. The sample included 200 films from 
patients with infectious tuberculosis, 400 from patients with previously 
active tuberculosis, 100 from persons with minimal findings not requiring 
referral or follow-up, 300 from persons without abnormal findings, and 
100 from patients with verified non-tuberculous lung disease. The films 
were mounted together in 7 film rolls and 10 copies of each roll were made. 

The reading was done by 90 physicians (radiologists and chest 
physicians) highly competent for this task. Righty of the readers were 
selected from 9 countries where mass X-ray examinations had been 
carried out for many years : Czechoslovakia, Denmark, Finland, France, 
Norway, Sweden, the United Kingdom, USA, and Yugoslavia. Ten 
readers were selected from various national and international WHO 
project staff. 

The study had been designed (/3) to measure primarily the extent of 
agreement or disagreement between readers and not the observer error 
resulting in under-reading or over-reading. A set of questions, prepared 
in advance, was answered by each reader independently. Most of the 
questions required the answer “yes” or “‘no”—e.g., “Is there an 
abnormality in the lung? Yes/No?” ; “Is there a cavity present ? 
Yes/No?” ; “ Does the patient need clinical attention ? Yes/No?” 

Since every question had to be answered by 90 readers for each of 
the 1100 films, there were 99000 answers to each question. The 
enormous amount of data collected was analysed and tabulated by means 
of electronic data processing machinery. 3 

The material was evaluated according to a special statistical procedure 
(14) by which a series of values was obtained for each question. From 
these values a curve was then constructed that characterized the level of 
agreement (or rather disagreement) between readers for a given question 
slate The advantage of the method is that a curve derived in this way 

escribed by a single figure—an index. This index can take any 
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value from 0 to 100, reflecting the extent of disagreement. Thus a low 
index indicates little disagreement and a high index, much disagreement. 
The nearer a curve is to the zero point of the two axes, the lower is the 
disagreement ; the flatter the curve, or the farther removed from the 
axes, the higher is the disagreement. (The maximum of 100 would 
coincide with the intermittent line drawn from the left upper corner to 
the right lower corner.) 


Fig. 1 


IUAT study on X-ray classification (14): curves of disagreement 
between readers in response to three questions (4: Is there any abnormality 
in respiratory organs ?, 4c: Is there any abnormality in lymph nodes ?, 
and 3c: Is there any calcification in lymph nodes ?) 


g 


"POSITIVE films 
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Percentage of the NO-onswers given to 
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Percentage of the YES-answers given to “NEGATIVE” films 


For example, there was less disagreement on question 4 than on 
question 3c (Fig. 1). (The index is calculated by the sum of percentages 
of discordant answers at the point on the curve where they are equal— 
i.e., where the curve is intersected by the oblique line starting from the 
zero corner.) ; 


Comparison of reader disagreement in chest radiography and smear 
microscopy 

A similar study was undertaken by IUAT to measure the extent of 
disagreement between microscopists reading sputum smears for acid-fast 
bacilli. 
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The statistical design and evaluation of the study were made by the 
same author and with the same method of measurement (J. Nyboe, 
unpublished data, 1971). A series of 250 sputum smears from patients 
were examined independently in 10 laboratories by experienced laboratory 
technicians. Fig. 2 illustrates the curves of disagreement for three criteria 
of positivity. 

Disagreement was the lowest (index : 10) when the criterion for a 
positive result was the demonstration of at least 8 acid-fast bacilli ; it 
was only slightly higher (index : 12) when, as usually, 3 acid-fast bacilli 
were required as the minimum. The highest disagreement (index : 18) 
between readers was when | acid-fast bacillus was accepted as sufficient 
evidence of positivity. However, even the highest level of disagreement 
between microscopists was still substantially lower than the lowest level 
of disagreement between readers of chest X-rays. 


Fig. 2 
Examples of curves of disagreement in X-ray and sputum-smear examinations 
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Curve 1 (Fig. 2) characterizes the lowest level of disagreement 
achieved (index: 28) between X-ray readers—i.e., in reply to the 
question : “ Cavity present ?””. Disagreement on the question : “* Smear 
positive for acid-fast bacilli?” was substantially lower whatever the 
limit chosen. The investigators concluded that there was consistently 
better agreement among smear readers, no matter what the criterion for 
a positive smear was, than among X-ray readers (see also “‘ How reliable 
is smear microscopy ? ’’—page 14). 


Levels of disagreement on the interpretation of chest radiographs and 
conclusions 


A few indices of disagreement on other questions have been tabulated 
in Table 4. The questions were selected with a view to their use for a 
classification of X-ray findings. They include questions with the lowest 
and highest levels of disagreement. 


Table 4 


IUAT international study on X-ray classification: 
Indices of disagreement on various questions (14) 


eee 


Pore Cem err. lio 30 eee. SRR ea es oOo Bee 34 
ee Ce ee a oe er, eee rcs 42 
Non-calcified abnormality, probably tuberculous? .........2......... 37 
ots 0 co eee. eee 28 
Abnormality in lung, probably not tuberculous? ................... 45 
POUR erm NOGGS T . . ste + Si, OR, oO. i 60 
og es eS a nC 31 


What was quite unexpected was the disagreement on the question 
about abnormality in the respiratory organs. The poor agreement on the 
question about calcifications was also surprising. The discrepancies 
regarding abnormalities of the lymph nodes, including calcifications (one 
of the most frequently described X-ray findings), were particularly 
striking. The best agreement—or rather the least disagreement—was 
seen in response to the questions about cavities. This information has 
to be seen in the context of medical action. Thus 5% of smear-positive 
persons were reported as having a normal X-ray, 17% as having some 
probably non-tuberculous abnormality, and 24% as not being in need 
of clinical action for a tuberculous lesion. If treatment had been restricted 
to patients in whom 50% or more of the readers judged cavitation to be 
present, only one-third of those with positive sputum would have received 
treatment. On the other hand, among those who were regarded by 50% 
or more readers as probably tuberculous and in need of treatment, about 
four or five times as many bacteriologically negative persons as sputum- 
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positive patients would have received treatment—{a disproportion similar 
to that frequently observed in clinics where diagnosis is made merely on 
roentgenological grounds (/5). Bee, 

It was concluded from the study, therefore, that “ purely radiologic 
criteria cannot give really satisfactory evidence of tuberculosis in the 
individual patient... ”. Even more disappointing was the conclusion 
that none of the categories or criteria of diagnostic importance could be 
included in a classification because disagreement was too wide. Conse- 
quently, the plan to produce an internationally accepted X-ray classifi- 
cation had to be dropped, and there is so far no indication that it will 
ever be revived. 

In ‘Diagnostic standards and classification of tuberculosis... ” 
(a manual that has been published by the American Thoracic Society 
at 5-yearly intervals since 1917), roentgenographic status was the 
backbone of the basic classification for half a century. That is why the 
extent of disease, its pathogenetic type or characteristics, the presence 
or absence of parenchymal destruction, and the activity of the process 
were judged according to radiological criteria. This is no longer so. 
The American Thoracic Society recently developed a new classification 
based on our knowledge of the host-parasite relationship existing between 
man and the tubercle bacillus (/6). Thus, in the iatest edition (J), the 
basic classification of pulmonary tuberculosis rests primarily on bacteri- 
ology and on the chemotherapeutic status. Roentgenographic findings 
are regarded as necessary only in certain circumstances.* 

Many of the terms used hitherto—e.g., “‘ minimal”, “‘ moderately 
advanced’, “‘far advanced’’, “‘active’’, “‘inactive”, “* primary ”’, 
‘* post-primary ”’, “‘ infiltration’, “‘ caseation’’, and “ fibrosis ’’—have 
been deleted from the current classification. 


? Roentgenogram findings are subdivided as follows : 
1. Normal 
2. Abnormal 
(a) Cavitary or non-cavitary 
(6) Stable, worsening, or improving 
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What is the probability of obtaining a negative culture from 
a sputum specimen found positive by smear microscopy ? 


In a recent study on the efficacy of bacteriological measures under 
the conditions of the Singapore tuberculosis control programme (J), 
1162 new patients with clinical and radiological signs suggesting tubercu- 
losis were examined as follows. 

Two sputum specimens were collected from each patient: one on 
each of two consecutive days. The specimens were collected in the 
presence of a trained supervisor. All specimens were examined indepen- 
dently by direct smear microscopy in one laboratory and by culture in 
another laboratory (one smear and one culture per specimen). Of the 
1162 patients, 500 had a positive smear from one or both specimens, as 
shown below. 


No. of new patients found positive 


for acid-fast bacilli 
Yield from first specimen 428 
Additional yield from second specimen 72 
Total 500 


The results of two culture examinations of the sputum of these 
smear-positive patients are given in Table 1. As the table shows, in 17 
of 500 patients—i.e., less than 4%—the positive smear results were not 
confirmed by 2 culture examinations. Assuming that the contaminated 
cultures were all negative, the proportion of unconfirmed results would 
amount to 6% at the most. A further analysis (not tabulated) showed 
that, of the 115 patients found positive in only one of two smears, 


101 (almost 90%) were confirmed by culture to be excreting tubercle 
bacilli. 


Table 1 


Results of 2 culture examinations on 2 consecutive sputum specimens 
from 500 new patients found smear-positive 
on the basis of one or both specimens 


lll — —lLlUlll 


No. of patients % 

Se oe ee — ll lm hm 
Total examined 500 100 
Confirmed by first culture 399 80 
Confirmed by second culture (additional) 73 14 
Contaminated (both cultures) 11 2 
Not confirmed by both cultures 17 4 


ee ee 
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The authors concluded from these results that, when tubercle bacilli 
were identified by smear examination, culture examination of two 
specimens confirmed the smear result in all but a very small proportion 
of cases and, hence, that culture confirmation of a positive result based 
on two smear examinations did not appear to be necessary. This is 
particularly true in populations with a high prevalence of tuberculosis, 
where patients seek medical attention only because of haemoptysis or 
prolonged chest symptoms such as a productive cough. 

A negative culture result with a specimen containing tubercle bacilli 
may be due to various causes. In patients receiving chemotherapy, the 
organisms may have lost their ability to grow on culture media and be 
practically dead. In patients who have not had chemotherapy, sputum 
specimens may have been exposed to sunlight or heat, stored too long, 
dried out, or contaminated. Excessive decontamination procedures 
before inoculation, inadequate culture media, and deficient incubation 
may also cause a negative culture result (see “‘ What are the main causes 
of a false positive or false negative sputum smear ? ”’—page 9). 

The probability of obtaining a positive culture in patients with both 
sputum specimens negative by smear, being a quite different problem, 
is dealt with under the heading “* What is the clinical and epidemiological 
significance of consistent negativity by smear microscopy in patients 
positive by cuiture only ?’—page 50). 
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What is the additional case yield from repeated sputum 
examinations by smear microscopy and culture ? 


Several authors (/, 2, 8) have investigated the additional case yield 
from multiple examinations of successive sputum specimens. More 
recent studies carried out at the National Tuberculosis Institute of India 
(4, 5) sought to determine the additional case yield when 8 specimens 
(instead of one) from each eligible person were subjected to examinations 
by smear microscopy and culture (see also “‘ What are the relative merits 
of chest X-ray and sputum examination... ?’—page 44). 

In 194 persons who had abnormal X-ray lung shadows and complained 
of prolonged chest symptoms suggestive of tuberculosis, 8 successive 
sputum specimens (4 collected on the spot and 4 produced overnight 
and collected by a home visitor) were examined concurrently by smear 
microscopy (Ziehl-Neelsen method) and culture. The number of speci- 
mens examined was thus 1552. Tubercle bacilli were found in the sputum 
of 75 patients (Table 1). Each specimen was examined independently, 
the laboratory technician having no knowledge of the persons examined 
or of previous results. 


Table 1 


Results of examining concurrently, by smear microscopy and culture, 
8 sputum specimens (4 collected on the spot and 4 in the early morning) 
obtained from each of 194 patients within 1 week 


No. 
Specimens examined 1552 
Patients examined 194 
Patients negative (all smears and cultures) 119 
Patients positive: 
at least 1 smear and 1 culture 46 
at least 1 culture (all smears negative) 22 
at least 1 smear (all cultures negative) * hee 75 


* Two patients had smears with 3 or fewer acid-fast bacilli. 


__ For the convenience of the reader, the data of Table 1 are presented 
in the form of a four-fold correlation table (Table 2). 


Table 3 shows the yield of new cases from examination of the first 
and subsequent specimens, in chronological order. 
_It is obvious that, in successive examinations—whether by smear 
microscopy or by culture—most new positive results are obtained from 
the first and second specimens. The upper half of the table shows that 
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45 (85%) of all smear-positive patients were already positive by examin- 
ation of two consecutive specimens. Considering only the smear-positive 
cases confirmed by culture, 41 (89%) were positive on the basis of two 
consecutive examinations. 


Table 2 


Data from Table 1 presented in the form 
of a four-fold correlation table 


Culture 
positive negative Total 
positive 46 7 53 
Smear 
negative 22 119 141 
Total 68 126 194 


te 


Table 3 


Yield in cases from concurrent smear (S) and culture (C) examinations 
of 8 consecutive sputum specimens from each of 194 persons 
with lung X-ray shadows and prolonged chest symptoms suggesting tuberculosis 


———— eee 


Number of cases according to serial No. 
Bacteriological No. of specimen yielding 1st positive result 
category of cases 
ll Hl IV Vv Vi Vili Vill 


—_—_— 


S+ —— 
St 46 aoe ‘ide ‘pines 
Smear positive (89%) 
S+ Se 
S+ 7 2-4 ty 
Total 53 a ae a i a ae 
= Ser 
45 
(85%) 
C+ ——— ee 
S+ = 
Culture positive 
C+ 22 Sees bh. 3 Ae eo 
Toe Bee Oo PRR Set 


Another important finding of this investigation (Table 3) was that 
about the same number of new cases (45) were detected by the first two 
smears as by the first culture examination (43). From this result, it may 
be concluded that, in new, untreated patients with prolonged chest 
symptoms and abnormal lung X-ray shadows, two consecutive smear 
examinations (e.g., of on-the-spot and overnight sputum) were practically 
equivalent to one culture examination. This inference concords with the 
results of other studies, such as that undertaken in new patients attending 
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the Tuberculosis Chemotherapy Centre, Madras (6), and another recent 
study on bacteriological case-finding procedures in patients attending 
health services in Singapore (7). In the latter study, covering 1162 new 
patients with radiological signs and chest symptoms suggesting tubercu- 
losis, culture of the first sputum specimen revealed 535 cases, whereas 
two consecutive smears detected 500 cases (see “* What is the probability 
of obtaining a negative culture from a sputum specimen found positive 
by smear microscopy ? ’’—page 38). 

All the above-mentioned findings confirm Mitchison’s earlier 
observations (8) that : 


“|. smear examination, especially of several specimens from each patient, is 
almost as efficient as culture examimations in clinics in developing countries.” 


This may apply also to other high-prevalence situations or to preselected 
groups of patients who have been prompted by symptoms (such as 
prolonged cough, purulent sputum, and haemoptysis) to seek relief at 
a health centre (3). 

Another significant observation in the study was that the 46 patients 
who were found positive by smear and culture were discharging tubercle 
bacilli practically every day (of a total of 368 specimens from these 
46 patients, 347—i.e., 94%—were culture-positive). In contrast, out of 
176 specimens from patients negative by smear microscopy and positive 
only by culture, only 62 (35.2%) were positive. This category of patients 
thus discharges bacilli only about every third day or in only every third 
specimen (see Table 1 in “ What is the clinical and epidemiological 
significance of consistent negativity by smear microscopy...?”— 
page 51). This confirms that patients positive only by culture and 
negative by smear microscopy are less significant, epidemiologically, 
than those positive by smear (and culture). 

_A similar study was made at the same institute in connexion with an 
epidemiological survey of a South Indian district (5). Eight consecutive 
sputum specimens were collected from each of 1652 persons with an 
abnormal chest X-ray and examined as in the study described before. 
The results were comparable : in those positive by smear microscopy and 
culture, the first smear was positive in 86.7% and the second smear 
added 10% of positive results. In those who were positive only by 
culture, the first specimen yielded only 32% of positive results, and the 
second, 18%. It was observed also in this study that patients discharging 
large numbers of bacilli were found positive in almost every specimen, 
whereas those positive by culture but smear-negative frequently produced 
specimens not containing any bacilli (see “‘ What is the clinical and 
epidemiological significance of consistent negativity by smear micro- 
scopy in patients positive by culture only ?”’—page 50). The authors 
concluded that the examination of more than two specimens is not 
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rewarding, and that two consecutive specimens (e.g., of on-the-spot and 


Overnight sputum) would be the optimum number under the conditions 
of the national tuberculosis programme in India. 


ee PP 
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What are the relative merits of chest X-ray and sputum 
examination (smear microscopy and culture) in case-finding 
among new outpatients with prolonged chest symptoms ? 


This question, among others, was investigated in a comprehensive 
socioepidemiological study on outpatients, undertaken by the National 
Tuberculosis Institute, Bangalore, India (/, 2). 

In this study, 2229 randomly selected new outpatients with chest 
symptoms (cough for 2 weeks or more, chest pain and fever for 4 weeks 
or more, or haemoptysis) were subjected to X-ray and bacteriological 
examinations. A sputum specimen was collected from each patient on 
the spot and examined by direct smear microscopy and culture. Smear 
examination was carried out with the Ziehl—Neelsen method while the 
patient waited. Culture was performed on two slopes of Léwenstein— 
Jensen medium. All positive cultures were tested in vitro for identification 
and drug sensitivity of the organisms. The bacteriological work was done 
by experienced technicians at the research laboratories of the National 
Tuberculosis Institute. 

Table 1 shows that, of the 2229 patients, 227 were classified by X-ray 
as tuberculous (and thus in need of treatment), but that 81 of these were 
not confirmed as tuberculous by bacteriological examination. Among 
the remaining 2002 patients classified as normal or as having a disease 
other than tuberculosis, there were 31 in whom tubercle bacilli were 
found by sputum culture and/or smear microscopy. 


Table 1 


Results of X-ray examination compared with those 
of sputum smear microscopy (S) and sputum culture (C) in out-patients 
with clinical signs suggestive of tuberculosis (2) 
SS [Ue Oe 


Result of sputum examination 


Classification No. of —_—_—— 
by X-ray patients S+ s- S+ s- 

C+ C+ Cc- Cc— 
ee 
Tuberculosis 227 122 20 4 81 
Other abnormal shadows 

(non-tuberculous) 304 8 4 1 291 
Normal 1 698 _ 8 10 1 680 
a 
Total 2 229 130 32 15 2 052 


Because sputum culture is regarded as the most reliable diagnostic 
method, a correlation was made between the results of X-ray and culture 
(Table 2). The data given in this table are identical with those in Table 1, 
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except that the two groups of X-ray-normal and nontuberculous persons 
were pooled. Taking the results of culture as the criterion of correct 
diagnosis, 20 (12%) of 162 culture-positive patients would have been 
missed because they had been misclassified by X-ray as normal or non- 
tuberculous. On the other hand, among the 227 patients classified 
radiologically as tuberculous, 85 (37%) were not confirmed as such by 
culture. 


Table 2 


Correlation of the yields of X-ray examination and sputum culture in patients 
with clinical signs suggestive of tuberculosis 


- RR nemeeerneneeeeee ee 


~ Culture 
positive negative total 
2 
Ss yes 142 85 227 
X-ray 3 
> no 20 1 982 2 002 
2 
= 
2 SS ee a eee 
total 162 2 067 2 229 


————————————————————————— 


The results of direct smear microscopy and culture were correlated 
too (Table 3). As this table shows, 32 (20%) of the 162 culture-positive 
patients would have been missed by direct smear microscopy of a single 
spot specimen and 15 (10%) of the 145 smear-positive patients would 
have been negative by culture. 


Table 3 


Correlation of the yields of 2 cultures and of direct smear microscopy 
of a single spot specimen in patients 
with clinical signs suggestive of tuberculosis 


Culture 
positive negative total 
Smeei positive 130 15 145 
negative 32 2 052 2 084 
total 162 2 067 2 229 


Taking the results of sputum culture as the criterion, the findings of 
the study may be summarized as follows : among 162 tuberculosis patients 
whose diagnosis was verified by culture, 32 (20%) would have been 
missed by smear microscopy and 20 (12%), by X-ray. 

On the other hand, among 145 patients positive by smear, 130 (90%) 
were confirmed by culture. The remainder (10%) gave an apparently 
false positive result, owing to a reading error or the presence of artefacts, 
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or because the bacilli seen under the microscope had lost their ability to 
grow on culture. Possible reasons for the last-mentioned occurrence are 
many. Thus, in patients under treatment, these bacilli may have been 
killed or seriously harmed by effective chemotherapy. In untreated 
patients, the culturability of tubercle bacilli may have been impaired— 
e.g., by exposure of the specimen to heat or sunlight, long storage, 
excessive decontamination procedures, or an overheated incubator. 
However, patients whose first spot-specimen is indisputably positive by 
smear microscopy but negative by culture have a rather high chance of 
being positive by both examinations in subsequent specimens (see “* What 
is the additional case yield from repeated sputum examinations. . .? ”’— 
page 40). The authors concluded that, if persons with signs and symptoms 
suggestive of tuberculosis are treated on the basis of properly performed 
and clearly positive smear microscopy, not confirmed by culture, there 
is little likelihood of serious overtreatment. 

On the other hand, of the 227 patients classified by X-ray as “‘tubercu- 
lous and in need of treatment”’, a sizeable proportion—37% °—were not 
confirmed by culture to be tuberculous. Several studies have shown that 
persons with X-ray lung shadows of unknown origin, who have no history 
of previous tuberculosis and in whom tubercle bacilli could not be 
demonstrated by smear microscopy and/or culture, particularly when 
repeated, are in fact rarely true cases of tuberculosis. Follow-up studies 
have demonstrated (3-7) that, though such persons have a definitely 
higher risk of becoming culture-positive than those with a normal X-ray, 
only a small proportion (0.4-4.8%) actually did so within the first year 
of observation. The risk declined in subsequent years.° 

Thus, to give chemotherapy—as a matter of routine—to persons 
with X-ray lung shadows of unknown origin would be to treat most of 
them unnecessarily or wrongly : these individuals might be exposed to 
the hazards of drug toxicity and irreversible harm might be caused in 
cases where the actual etiology is another serious disease. Therefore, 
such a practice is justifiable hardly anywhere. It is to be avoided 
especially in countries where tuberculosis patients and their families are 
branded with a permanent stigma causing mental suffering and economic 
hardship. 

Unfortunately, in many countries it is common practice to rely on 
X-ray examination alone for the diagnosis of tuberculosis, neglecting 
bacteriological examination or ignoring its results. The usual conse- 


* This proportion is likely to be much hi i i i 
Sete gher in populations examined b 
lig mass X-ray—i.e., Irrespective of the presence of symptoms. The 
pa gon in the study referred to had been examined because they had symptoms. 
eosic ida ae varied with the population studied, age, the extent of X-ray lesions, 
Sdéiens ad “ith factors, and bacteriological and other criteria. They commonly 

sed with time, the highest rates being found at the beginning of observation. 


TUBERCULOSIS CASE-FINDING 47 


quence—overdiagnosis—is generally followed by overtreatment, which 
is a waste of resources and may become an unmanageable burden on the 
health services. This happens not infrequently in developing countries, 
in places where health centres are equipped with diagnostic X-ray 
apparatus. 

The problem has been characterized very well by the WHO Expert 
Committee in its ninth report (page 16) : 


“... When treatment for tuberculosis is initiated on the basis of radiographic 
findings alone, a substantial proportion of patients are treated unnecessarily. 
This wastes the resources that should be concentrated primarily on the treatment 
of infectious cases. It throws needless strain on understaffed and underfinanced 
treatment services and unnecessarily exposes many patients to loss of their job, 
loss of their home, and to serious social stigma. Hence, the importance of making 
a bacteriological diagnosis” (8). 


Some technical and operational aspects of chest X-ray, sputum culture, 
and smear microscopy 


By X-ray, as has been shown, 85 (37%) of 227 patients would have 
been wrongly classified as tuberculous (see ‘“ How reliable is chest 
radiography ? ’—page 28), yet 20 culture-positive patients in whom the 
disease was not diagnosed by direct smear microscopy were found by 
X-ray. Culture detected, in addition, 12 patients who were found neither 
by smear microscopy nor by X-ray. Thus the highest yield of cases 
discharging tubercle bacilli was achieved by culture. 

The high rate of overdiagnosis by X-ray is a heavy penalty for the 
relatively small gain in patients that may be missed by smear microscopy. 
Moreover, the operational shortcomings of radiography in developing 
countries are considerable. For example, the District Tuberculosis 
Centres in India are equipped with X-ray units using mirror cameras and 
miniature films for fluorography. Such equipment and its installation are 
expensive. Its operation requires specially trained technicians. There 
are frequently prolonged interruptions owing to the breakdown of 
equipment, the lack of spare parts and repair facilities, the scarcity of 
films, or the shortage of electric power. Another operational disadvantage 
is that the results of X-ray examination are usually available only after 
2-3 days, and sometimes later. As has been commonly observed, a 
sizeable proportion of patients do not return to the centre for their 
results. Efforts to retrieve them are often unsuccessful. 

Sputum culture is known to be technically superior to smear 
microscopy as a diagnostic method. It is essential for the definitive 
identification of tubercle bacilli—i.e., to differentiate them from other 
microorganisms. The technical superiority of culture over smear 
microscopy is largely due to quantitative factors. Whereas the amount 
of sputum on a smear is 0.01 ml (see “‘ How many bacilli are present in 
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a sputum specimen... ? ”—page 6), the size of an inoculum for culture 
is usually 0.1 ml—i.e., about 10 times as much.* Moreover, usually 
only about 1-3% of the smear (100-300 oil-immersion fields) is examined 
by (bright-field) microscopy, whereas in the culture test tube the whole 
yield of colonies may be seen practically at a glance. Although a large 
proportion of organisms is destroyed by decontamination procedures, 
the quantitative differences are still so large that the probability of finding 
bacilli by culture is many times as great (perhaps > 30 times) as it is by 
direct smear microscopy. This is an obvioux advantage in cases where 
a specimen-contains only small amounts of acid-fast bacilli (see “* How 
reliable is smear microscopy ? ’’—page 14). 

Unfortunately, culture has a number of disadvantages, mainly of an 
operational nature. First of all, the method requires specially trained 
and skilled personnel, of whom there is a shortage in most developing 
countries. There is also a need for special facilities and equipment, a 
permanent supply of water and electric current, and reliable thermo- 
regulation of the hot room. Particularly in hot and humid climates, air- 
conditioning facilities and special air filters are needed to prevent air- 
borne contamination of cultures. Properly ventilated inoculation 
cabinets and other safety measures must also be provided. For all these 
reasons, in developing countries, culture methods are practicable in only 
a few laboratories. 

One of the greatest shortcomings of sputum culture is the long 
interval before results become available : usually 4-6 weeks, and often 
more. In developing countries this delay leads to many patients being 
“jost”’. They cannot be retrieved and never return to the health centre. 
Thus the gains achieved by culture are often outweighed by the losses 
due to long waiting periods, and the technical superiority of culture is 
largely counterbalanced by its operational disadvantages. 

Direct smear examination certainly has a number of technical short- 
comings, but its operational advantages are obvious. It is relatively easy 
to perform, much less expensive than X-ray or culture, and does not 
require highly specialized personnel. The fact that the diagnosis of 
tuberculosis (in persons discharging large amounts of bacilli) may be 
established and chemotherapy started on the same day is without doubt 
the greatest operational advantage of smear microscopy. It reduces to 
4 minimum “ losses” of patients owing to long waiting periods. Smear 
microscopy is the only diagnostic method practicable almost everywhere. 
oe S lets in the developing countries, case-finding and diagnosis will 

y on this method for some time to come. 


* If culture media are contained in di i 
; ishes (plates) instead of test tubes or bottles 
the amount of sputum inoculated is about 30 times as great as that spread on a slide (9). 
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The WHO Expert Committee on Tuberculosis, in its ninth report 
(page 25), emphasized that the selection of diagnostic procedures and 
the development of diagnostic services should be determined by priorities : 


“In a logical and efficient sequence of priorities, the first priority would be to 
provide facilities for direct smear examination of sputum from persons who, of 
their own volition, present with Symptoms and to provide adequate treatment 
for those who are found to excrete tubercle bacilli. In such a programme, patients 
with persistent symptoms but whose sputum does not contain bacilli should 
be followed up ; treatment with antituberculous drugs would be given only if 
the diagnosis can be confirmed bacteriologically” (8).¢ 


It must be reiterated that, for the purpose of diagnosis, direct smear 
examination is important and should be performed under practically any 
circumstances—i.e., also in technically developed countries. This 
method makes it possible to identify patients who, if untreated, would 
have a most unfavourable prognosis and would be the most dangerous 
sources of infection in the community. 


* A valuable, but often forgotten, rule of thumb is that persons having cough 
with purulent sputum for one month or longer, but who are repeatedly negative by 
properly performed direct smear microscopy, are very likely suffering from a respi- 
ratory disease other than tuberculosis — the more severe their symptoms (and radio- 
logical signs) are, the higher is this probability. 
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What is the clinical and epidemiological significance of 
consistent negativity by smear microscopy in patients 
positive by culture only ? 


It has been proved that the probability of finding acid-fast bacilli by 
sputum smear microscopy is directly related to the concentration of 
bacilli in the sputum (see “* How many bacilli are present in a sputum 
specimen found positive... ? ”’—page 6 and “ How reliable is smear 
microscopy ?”’—page 14). Thus, when | ml of sputum contains fewer 
than 10 000 but more than 1000 acid-fast bacilli, the chance of a positive 
result by microscopy is about 40-50%. At concentrations below 1000 or- 
ganisms per millilitre, the chance decreases rapidly, the result being 
negative in about 96% of cases. 

When discussing the significance of smear-negative findings, one has 
to exclude all negative results that could have been caused by technical 
or operational deficiencies (see “*‘ What are the main causes of a false 
positive or false negative sputum smear ? ’’—page 9). 

All sources of error being eliminated, the concentration of bacilli in 
the sputum is determined largely by the type of tuberculous lesion from 
which the bacilli originate. Thus, a cavity about 2 cm in diameter 
(opening into a bronchus) may contain some 100 million organisms. 
A non-cavitated nodular lesion of the same size may contain 100-1000 
(J)—i.e., one hundred thousand times fewer. The fact that the bacterial 
content of lesions differs considerably is of fundamental epidemiological, 
therapeutic, and diagnostic importance. Sputum from patients with 
tuberculous lung cavities, containing softened necrotic particles with 
enormous amounts of bacilli, will thus usually be found positive by 
direct smear microscopy. In contrast, sputum from patients with nodular, 
encapsulated lesions discharging only small amounts of bacilli will almost 
invariably be negative by smear microscopy. Only by using refined 
laboratory techniques, such as culture or animal inoculation, can small 
a of bacilli be demonstrated—and then often only irregularly 

The difficulty of demonstrating small numbers of bacilli regularly 
has been shown in studies described elsewhere (4, 15, 2/) (see “‘ What is the 
additional case yield from repeated sputum examinations. . .?”— page 40). 
Eight sputum specimens (4 on the spot and 4 overnight) were collected 
from each of 194 patients with prolonged chest complaints. A smear was 
prepared from each specimen and 2 culture tubes of medium were 
Ae ee patients, the presence of tubercle bacilli could be 
a. = a Ste. 46 of these patients were positive also by 

= Of the 8; smedrs.and 1 of the 8 cultures ; 
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22 patients who had been negative in all 8 smears were positive in at least 
one culture (Table 1). In the patients positive by smear and culture, 
bacilli were present in almost every specimen (94%), but in those positive 
by culture only, bacilli could be found only in about every third specimen 
(35%). It seems that the latter category of patients discharge bacilli only 
sporadically and perhaps not even every day. 


Table 1 


Results of culturing 544 sputum specimens from 68 patients 
with bacteriologically confirmed disease (46 positive by both smear and culture, 
22 negative by smear and positive by culture) @ 


nh-ot ' Culture Culture 


Category No. of positive negative 
of patients patients oo aay q 
No. % No. % 
Smear positive, 
culture positive 46 368 347 94.3 21 5i7 
Smear negative, 
culture positive 22 176 62 35.2 114 64.8 


* Eight sputum specimens (4 ‘‘ spot"’ and 4 ‘' overnight’’) were collected from each 
patient, and each specimen was examined concurrently by smear and by culture. 


Thus, from the bacteriological point of view, two main categories of 
patient may be distinguished : one discharging large amounts of tubercle 
bacilli in almost every sputum specimen, and the other discharging very 
small numbers of bacilli intermittently. These two categories presumably 
differ also in clinical and epidemiological respects. 


Sputum status and clinical prognosis 


Reliable information on fatality rates* for tuberculosis from the 
pre-chemotherapy era is scanty. This is due partly to the difficulty of 
estimating the actual onset of the disease by the duration of symptoms 
prior to diagnosis and partly to the difficulty of statistical derivation of 
fatality rates from case histories or hospital reports. In a study carried 
out 50 years ago in the USA on the fate of 1500 patients with open 
cavitary tuberculosis, the prognosis was characterized simply as “ hope- 
less” (5). One of the largest compilations of statistical data, on the 
survival time of more than 20 000 European patients with open, mostly 
smear-positive tuberculosis, the proportion of deaths in a 5-year follow-up 
period varied between 48% and 77% (6). A follow-up study on about 
9000 patients with the life-table method showed that sputum status 1s 
the “ decisive ” prognostic sign in survival (16). 


oportion of tuberculosis patients dying 


@ The fatality rate is understoo 
from tuberculosis. 


.- 
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Anyway, there is little doubt that before the advent of chemotherapy 
the prognosis for patients with smear-positive pulmonary tuberculosis 
was gloomy. It is still serious for those who have been treated unsuccess- 
fully and whose sputum remains consistently positive by direct smear 
microscopy. On the other hand, patients reported to have paucibacillary 
sputum sporadically were found to have—even before the advent of 
chemotherapy—a very good chance of normal survival. The same applied 
to patients who, having achieved quiescence after successful chemo- 
therapy, yielded isolated positive cultures (/7). However, it would not 
be wise or appropriate to explain a multifactorial problem such as clinical 
prognosis by a single factor—e.g., the bacillary content of sputum. A 
number of complex endogenous and exogenous variables are of impor- 
tance for the course of untreated tuberculosis. Nevertheless, the develop- 
ment of progressive lung tuberculosis, with caseation and the formation 
of cavities containing enormous amounts of bacilli that are discharged 
by coughing and in the sputum, is a chain of interdependent events of 
which the demonstration of acid-fast bacilli by smear microscopy is only 
the last link. 

On the other hand, most patients with pulmonary lesions containing 
and discharging small numbers of bacilli, such as can be demonstrated 
only by culture, have a favourable prognosis compared with smear- 
positive patients. In South India, where an epidemiological survey had 
been repeated at intervals, the fate of newly discovered cases was studied 
(7, 8). Among the patients who, at the detection of their disease, had 
been smear-negative (two specimens) but positive by culture, more than 
one-half were classified as cured (i.e., negative by both smear and culture) 
within 18 months and about two-thirds within 3 years. Furthermore, 
the excess death rate was about one-third of that for the smear-positive 
cases. Thus, even under the living conditions of a very poor rural 
population, and without treatment, the prognosis for smear-negative, 
culture-positive patients was relatively favourable. 

There is another piece of (negative) evidence on the relatively favour- 
able prognosis for new patients who are definitely negative by smear and 
positive only by culture. It has been widely believed that, through 
repeated X-ray examinations, the occurrence of advanced, destructive, 
and smear-positive tuberculosis may be prevented, since all cases would 
be detected “‘ early ”—i.e., at a stage where the disease is of minimal 
extent and the lesion(s) likely to contain a small number of bacilli 
demonstrable only by culture. It has also been assumed that these 
patients rarely have syinptoms and thus may be detected best by indis- 
criminate mass radiography. But, to the general surprise, this hypothesis 
has not stood the test. 

In a carefully conducted longitudinal study (see p. 58), the population 


of a district was examined by X-ray and bacteriology at 2-3-year 
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intervals (9). The coverage of the eligible population was almost complete 
(95%). At each round, a sizeable number of new patients were detected 
who had small X-ray lesions and were positive only by culture, being 
negative by smear (specimens collected on 3 consecutive days). All these 
patients were immediately put on chemotherapy and treated successf ully. 
According to the hypothesis, these cases were prevented from deterio- 
rating and developing into advanced, destructive, and smear-positive 
tuberculosis. Therefore it was generally expected that the frequency of 
new smear-positive cases would rapidly decline as a result. 

Yet these intensive case-finding and treatment measures had sur- 
prisingly little effect. In spite of all the extraordinary efforts made, at 
and between rounds, a large proportion of the new cases found were 
already at an advanced stage and were smear-positive. 

Experience in the Netherlands was similar. Extensive mass X-ray 
surveys of the population were carried out in 3-year cycles. Despite an 
energetic case-finding policy applied for 17 years with the eager partici- 
pation of the public, and though the overall incidence was declining, the 
proportion of smear-positive cases among the new cases remained 
virtually the same (10). 

Why did the hypothesis fail, and why was the occurrence of smear- 
positive cases not substantially reduced through preventive screening ? 
The main reasons are : 


(a) that the dynamics of development of new smear-positive tubercu- 
losis does not agree with the hypothesis, and 

(6) that the prognosis for patients with sputum positive by culture 
only is in most cases far better than is generally assumed. 


The hypothesis that all cases could be detected at an early stage by 
X-raying the entire population at intervals of a few years was based on 
the assumption that tuberculosis in adults starts as a rule with a minimal 
lesion (“ early infiltrate”) that—without treatment—would all develop 
step by step into advanced, smear-positive tuberculosis (see ‘‘ How does 
pulmonary tuberculosis develop and how can it be detected at an early 
stage ? ’—page 57).* Thus the latter was considered to be always the 
outcome of a chronic process. However, studies in populations under 
surveillance have shown that newly detected, smear-positive tuberculosis 
usually develops fast—i.e., without passing through a clinically percep- 
tible initial stage. Its occurrence is therefore hardly influenced by repeated 
screening, even when this is done every year (see “‘ What is the role of case- 
finding by periodic mass X-ray examination... ? ”’—page 65). If initial 
lesions were all bound to deteriorate, repeated mass screening and the 


@ ToMAN, K. Case-finding. Unpublished working document AFR 190/03-03, 
prepared for the WHO Regional Tuberculosis Seminar, Brazzaville, 1969. 


54 K. TOMAN 


treatment of all initial lesions detected would indeed greatly reduce the 
number of new, smear-positive cases found at later screening rounds. 
However, this is not the case, since the prognosis of initial smear-negative 
lesions positive only by culture has proved to be far better than was 
previously assumed, most of such lesions either healing or Temaining 
unchanged. Only a few would deteriorate and thus only a few smear- 
positive cases would have been prevented. 


Sputum status and infectivity 


From the epidemiological point of view, also, the difference between 
these two categories of case is striking. Patients who are definitely 
negative by smear are substantially less infectious than the smear-positive 
are. This is not surprising, in view of the enormous difference in the 
numbers of bacilli discharged by these two categories of patient.* For 
instance, for household contacts of smear-negative, culture-positive 
cases, the excess risk of becoming infectious is only a fraction (*/s—*/20) 
of that for household contacts of smear-positive sources.” The risk of 
infection for household contacts aged 0-14 years of smear-negative 
patients, whether culture-positive or not, is often almost the same as, 
or not much higher than, the risk for children of the same age group 
living in tuberculosis-free households under similar sociocultural and 
other ecological conditions (/2, /3). Furthermore, the risk of contracting 
the disease for household contacts of culture-positive, smear-negative 
patients is only about */;—’/,;>. as high as that for contacts of smear- 
positive patients (12, 14) (see “* What is the role of case-finding by periodic 
mass X-ray examination... ? ”—page 65). 

It thus appears that the active search for patients with lesions 
harbouring and discharging small numbers of bacilli has a relatively low 
priority in tuberculosis control. If such a policy is adopted in a tubercu- 
losis programme, it should never be at the expense of the first priority of 
case-finding—i.e., the identification of smear-positive sources of infection. 

In summary, the difference between cases discharging small quantities 
of tubercle bacilli demonstrable only by culture and cases with large 
amounts of bacilli in the sputum, positive by direct smear, is not only 
one of numbers or quantities. In their “ pure ”’ form, these cases behave 
as if they were two types of the same disease, differing in pathogenetic, 
prognostic, and epidemiological respects (19). That is why, in tubercu- 
losis control, the first priority is given to patients positive by direct smear 


® The risk of exposure to smear-positi i ion i 
“positive sources of infection is aggravated 
because such persons usually cough more frequently and violently (JJ). e' 


» Excess risk is the risk in addition ic Ti 
the to the basic risk due to exposure to the 
immediate (extradomiciliary) neighbourhood. The basic risk is paturally higher in 


crowded or slum conditions than the i 
average risk for the i i 
often wrongly taken for comparison. : a ee 
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microscopy, and why this category of patient is the principal target of 
case-finding efforts. This is reflected in the following statement by the 
WHO Expert Committee on Tuberculosis : 


** In a logical and efficient sequence of priorities, the first priority would be 
to provide facilities for direct smear examination of sputum from persons who, of 
their own volition, present with symptoms and to provide adequate treatment 
for those who are found to excrete tubercle bacilli. In such a programme, patients 
with persistent symptoms but whose sputum does not contain bacilli should be 
followed up; treatment with antituberculous drugs would be given only if the 
diagnosis can be confirmed bacteriologically (20). ” 


Regarding the choice of bacteriological procedures for case-finding, 


the Expert Committee provided clear guidelines : 


A & W N 


an 


** From the point of view of their value in a tuberculosis control programme, 
bacteriological techniques may be ranked in the following order: examination 
of direct smears, culture, and, lastly, sensitivity testing. 


If the prevalence of smear-positive patients is high in the patient population, 
the examination of smears from several specimens, especially an early morning 
one or an overnight collection, will detect a large proportion of the infectious 
cases in the community. 

The examination of cultures in addition to smear examination will add to 
the number of patients with a confirmed diagnosis of tuberculosis, especially 
in those who are not excreting large numbers of bacilli. However, culture services 
should be provided only when a reasonably high proportion of the smear-positive 
cases in the country are being discovered and treated by chemotherapy and 
then they should be provided only in large laboratories (20). ” 
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How does pulmonary tuberculosis develop and how can it be 
detected at an early stage ? 


Much of our knowledge on incipient tuberculosis has come from 
mass X-ray surveys of apparently healthy population groups that had 
not been X-rayed before or were X-rayed many years previously. At 


minimal extent and usually asymptomatic.*. But is that really and always 
so? And, if not, how often not ? 

In spite of a vast number of studies on incipient tuberculosis in adults, 
there is no certain knowledge of the actual macroscopic appearance of 
the first demonstrable lesions of incipient phthisis. Furthermore, it is 
not known what is the shortest period in which—starting with a normal 
lung—an incipient lesion can become radiologically or clinically manifest ; 
nor—even more important—is it known what is the shortest time that 
it takes an incipient lesion to develop into advanced, smear-positive 
tuberculosis. 

Most studies on incipient tuberculosis (e.g., J-J0) have concerned 
persons in whom the disease was detected by X-ray surveys, periodic 
follow-up examinations of certain high-risk groups (e.g., nurses, students, 
soldiers, prisoners, contacts, and immigrants), and routine clinical 
examinations. A brief summary of these studies might run as follows : 

Incipient tuberculosis manifests itself radiologically as a small, 
indistinct shadow (infiltrate). The lesion is usually located in the apical 
or subapical area of the upper lobe of the lung. Symptoms are slight or 
absent. From that stage, phthisis develops in steps or phases. After 
months or years of stagnation or regression, the process may occasionally 
become arrested, but usually deterioration occurs. Each worsening, as 
a rule, has an acute character, while regressive changes are slow and 
follow a chronic pattern. Thus a deterioration phase is accompanied by 
pronounced symptoms, whereas in a regressive phase, symptoms are 
relatively mild. After several phases of deterioration, the outcome of the 
disease is usually fatal unless adequate chemotherapy is given. In general, 


* So-called “‘ primary tuberculosis ’’—i.e., tuberculosis occurring straight after 
the first infection and tuberculin conversion—is not included in this chapter, for the 
following reasons. It rarely develops directly into phthisis (chronic, destructive, and 
infectious tuberculosis) ; on the contrary, in the vast majority of cases, it heals lag 
taneously and remains undisclosed. It occurs mainly before adolescence is reached, 
particularly in conditions where the risk of infection is high. 
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a small, asymptomatic lesion in the upper part of the lung may be 
regarded as the beginning, or at least the potential beginning, of phthisis, 
after which step-by-step deterioration is almost inevitable. 

Nevertheless, certain investigators have thrown doubt on the univer- 
sality of this rule. Some have shown that almost all newly detected small 
lesions, particularly apical lesions, are old or healed and, if recent, have 
a favourable prognosis : “ less than 10% develop within 5-10. years into 
phthisis ” (1/) and ‘‘ 90% of them are obviously not in need of treat- 
ment ” (12). A rather large group of investigators, stressing the benignity 
of small apical lesions, insisted on the “ early infraclavicular infiltrate ” 
as the true beginning of phthisis (/, 73). Some them stressed the exudative 
pneumonic character of these small lesions and their tendency to cavi- 
tation ; others stated that, at this stage, most of them are already cavitated 
(1, 2). Finally, some found that a rather large proportion of cases starts 
with a “* massive pneumonic involvement without ever passing through 
a minimal stage ” (14). 

Before discussing these contradictory views and observations, it seems 
desirable to clarify certain fallacies that still linger on. 

On clinical and epidemiological grounds, emphasis has rightly always 
been laid on early diagnosis. However, this has brought about a certain 
confusion. Early or incipient tuberculosis has frequently been identified 
with minimal disease. Likewise, advanced tuberculosis has usually been 
regarded as identical with old or chronic tuberculosis. Yet “early ”’, 
“ incipient ”’, “‘ chronic’, and “‘ old” are strictly and exclusively terms 
of time, while ‘‘ minimal ”’, ‘‘ moderate ’’, and ‘‘ advanced ”’ indicate 
merely the extent—i.e., the volume of lung tissue involved. Terms such 
as “ incipient ” and “ minimal ” have by no means a constant relation- 
ship, nor need they be associated. It will be shown that a lesion of a few 
months’ duration may be minimal or far advanced, and that the extent 
of a lesion gives little indication of its duration. 

The age of a fresh lesion can be estimated only when X-ray evidence 
of a previously normal lung is available. Thus, thanks to a few longi- 
tudinal surveys and to periodic X-raying of large populations in certain 
countries, our knowledge of incipient tuberculosis has much improved. 

In one of the longitudinal surveys (Kolin study), in a population of 
wf a ae persons 14 years of age or more were screened repeatedly. 
Sithr = Mie , 16) pe 12 years, during which time the population was 
+e rd Fea are at 2-year or 3-year intervals. Between X-ray rounds, 

ases was continued by the local health services, where 
ch eel because of symptoms or for regular check-up. Since 
ae me ; ae, ware filed, it could always be compared with the 
what peste ap ye . means, it was possible to determine within 
dently’ bi AE eas mae ad developed. The X-rays were read indepen- 

Ss and one umpire reader (Table 1). 
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Table 1 


Interval between the last normal chest X-ray and the diagnosis 
of pulmonary tuberculosis (15, 16) 


coon rnreSerrnrserern seers 


No. N 
Interval oO. No. first 
dangled smear + Punuetg smear — Cunt diagnosed 
culture + ° culture + ® at necropsy 

Seem aeneeeeeeeree 
<= 12 8 16 14 14 6 

< 24 18 52 39 53 7 

< 36 16 84 31 86 1 

=> 37 8 100 14 100 3 
| 
Total 50 98 17 


In 165 persons in whom tuberculosis had been newly detected and 
whose previous radiographs had been normal, the time between the last 
normal chest radiograph and the first abnormal one was measured. The 
patients were grouped into three categories : those sputum-smear-positive 
as well as culture-positive, those smear-negative but culture-positive, and 
those in whom the diagnosis had first been made at necropsy and verified 
by bacteriological examination (/5, 16). 

From Table 1, it is evident that, already within 12 months, 28 sputum- 
positive cases had developed. It was surprising that a significant pro- 
portion of these already had advanced tuberculosis with sputum positive 
by direct smear microscopy. Even more striking was the finding that 
6 cases had developed so fast that they were found only at necropsy— 
less than 12 months after the last normal chest radiograph. (In some of 
these cases, tuberculosis had been qualified by the pathologist as the 
leading cause of death.) @ 

The data presented in Table 1 might perhaps be biased, since the 
interval between X-ray rounds was never shorter than 2 years, though it 
was usually 3 years. In this connexion, very instructive data (see Fig. 2 
in “ What is the role of case-finding by periodic mass X-ray examin- 
ation... ?”—page 70) are available from Japan, where mass radiography 
of the population has been carried out at yearly intervals (17). Similar 
data are also available (/8) from an epidemiological study in Niigata 
Prefecture, Japan (population : 2 350 000). te 

Fig. 2 under “‘ What is the role of case-finding by periodic mass 
X-ray examination... ?” (page 70) shows that more than one-half of 


@ During the second part of the study (1965-72), 10 previously unknown cases 
of new tuberculosis were first diagnosed at necropsy—some of them shortly after a 
normal X-ray. These 10 cases constituted one-quarter of all deaths from tuberculosis 
during that period—and that in spite of systematic and intensive screening of the 
population. The actual number might have been even higher, because only one- 
quarter of all persons deceased in the study area were subjected to necropsy—i.e., 
mainly those who died in hospital (/6). 


60 K. TOMAN 


cases positive by direct smear microscopy developed within 12 months 
of the last normal radiograph. Since only one-fifth of the new cases had 
been detected by mass X-ray surveys, the majority (72%) were found by 
the health services that these patients attended—mainly because of 
symptoms. The same applied to new patients who were positive by 
culture only (/8).* 

From the findings of the above-mentioned studies, it may be concluded 
that : 

(a) a large proportion of new cases, starting in a normal lung, 
developed within months ; 

(b) even cases that were already so advanced that they were dis- 
charging large amounts of bacilli demonstrable by microscopy, and 
were probably cavitary, developed fast ; 

(c) a case of advanced smear-positive tuberculosis, when seen for 
the first time, is not necessarily old or chronic : it may well be as recent 
as a minimal lesion, positive by culture only ; and 

(d) both types of disease—advanced, smear-positive tuberculosis and 
minimal, only culture-positive tuberculosis—developed within the same 
that they did not pass through a perceptible minimal phase.” 

These conclusions, however, are only facts that have been known for 
quite some time and have been rediscovered. They may have been 
forgotten during the enthusiastic era when mass radiography was 
regarded as the best—if not the only—means of early case-finding. 
Nevertheless, every clinician knows that, after a few days of sometimes 
vague or uncharacteristic complaints (and an initially normal chest 
X-ray), tuberculous pleuritis with an effusion of as much as one litre can 
appear suddenly; or a sometimes extensive pneumonic lesion may 
develop in an initially normal lung within a few days and cavitation may 
take place within one week (J2). 

In a study carried out in USA on 1000 patients with incipient tubercu- 
losis (14, 19), the authors formulated their conclusions as follows. 

(a) Sudden symptomatic onset is not less frequent in pulmonary 
tuberculosis than insidious onset is. 

(5) The extent of the lesion does not bear a direct relation to the 
duration of the disease (of all patients reaching the far advanced stage, 
the majority do so within the first half year). 


* Most so-called “‘ suspect’ cases—i.e., X-ray lesi ti 
culture—also developed within 12 months. eo aie ae 
» Rapid development should not be confused with so called “ florid’ or “ 
OR ley - orid”’ or “ gal- 
loping phthisis. This form of fulminant tuberculosis, running an Ricontionaly 
rapid course, has been described in the older literature and more recently observed 


occasionally in individuals under extraordin hysi ‘ 
: : ary sical an 
prisoners in concentration camps. physical and mental strain—e.g., 
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(c) Cavitation is not a late occurrence ; its frequency is nearly the 
same at all temporal stages of the disease. 


In another investigation, a study was made of the intervals at which 
persons at special risk should be re-examined to discover all cases at the 
earliest possible stage (20). Such persons (e.g., contacts) were usually 
examined at yearly intervals ; however, one series was examined every 
6 months and another at shorter intervals. The results showed that in 
none of these series were all cases diagnosed with minimal lesions. Even 
with examinations at 4-monthly intervals, 21% were found to be in the 
moderately advanced stage and a smaller proportion even at the far 
advanced stage of the disease. The conclusion was that a 6-monthly 
interval between examinations is too long to prevent the occurrence of 
advanced, severe cases. 

Yet even in the most affluent countries, intervals shorter than 
12 months in screening the adult population by indiscriminate radio- 
graphy have not been found practicable. Moreover, as data from Japan 
have shown, even if they were, a large proportion of cases of bacterio- 
logically verified disease would be found at an advanced, smear-positive 
stage. It is all the more evident that the mass radiography examinations 


repeated every 3 years in a number of countries come far too late, since. 


more than 80% of cases develop in less than 3 years (Table 1). It is 


obvious that mass radiography will fail to detect the great majority of 7 


cases soon after their onset. 


Incipient tuberculosis and symptoms 


It is still often asserted that mass radiography is necessary because 
about one-half of new patients have no symptoms (/6). The literature 
on this question is voluminous. Everyone knows that the taking of case 
histories is arbitrary and unreliable. The fact that many new patients 
are found by mass screening of apparently healthy persons does not 
necessarily mean that these have no symptoms. Likewise, when a new 
patient, asked whether he has symptoms, gives a negative answer, this 
should not be taken as objective evidence of their absence. 

Few of the prospective studies reported so far have been designed in 
such a way as to eliminate bias, at least to a large extent. Some were 
designed by sociologists and carried out by specially trained personnel 
using a standardized interviewing technique according to a protocol. In 
one series of studies, persons were examined and interviewed in parallel 
without knowing the results of their examinations (22-27). In socio- 
epidemiological studies carried out in a poor rural population in India, 
it was found that 95% of patients positive by direct smear microscopy 
were aware of one or more symptoms suggesting tuberculosis. About 
70% complained of cough as the leading symptom, the rest attributing 
greater importance to other complaints (2/, 22). About two-thirds had 
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symptoms of only 1-3 months’ duration (23, 24). This was surprising 
in a population believed to be unaware of symptoms, or at least to be so 
apathetic that they would not heed symptoms such as cough or chest pain. 

In another prospective study on case-finding in a population of about 
6 million, some 1600 smear-positive patients were interviewed about 
symptoms. The study was carried out in parallel to the Kolin study 
(see Table 1) as one of the projects of the Tuberculosis Surveillance 
Research Unit (TSRU) (25). The population was of about the same 
composition as that in the Kolin study. The results were strikingly similar 
to those of the above-mentioned studies : 73% of patients complained of 
cough, ranking it first or second in importance as a symptom. The 
remaining 20% complained of fever or an influenza-like illness, and 
only 7% denied having any subjective symptoms. The duration of 
symptoms also was similar—i.e., 62% had had symptoms for less than 
3 months and 83% for up to 6 months. 

From the foregoing findings, it appears that symptoms are present 
in more than 90% of patients with sputum positive by direct smear 
microscopy, and that these symptoms are perceivable in the early phase 
of the disease. 

The question may arise whether the development of less advanced 
or less serious disease—i.e., with sputum negative by smear and positive 
by culture only—is asymptomatic. Data on this subject were obtained 
mainly from the above-mentioned studies in India, Czechoslovakia 
(Kolin), and Japan (Niigata). 

In the socio-epidemiological study carried out in India, 54% (21) of 
the smear-negative, culture-positive patients had one or more symptoms 
suggesting tuberculosis. In the longitudinal survey carried out in Kolin 
during the period 1961-64, out of 180 new patients positive only by 
culture, 91 (51%) had symptoms (J/5).* In the Niigata study (/8), 63 
(57%) of 109 persons positive only by culture had symptoms that, in 
four-fifths of cases, had lasted less than 3 months. 

Also in routine case-finding programmes studied by TSRU (25), most 
patients positive by culture only are found because of symptoms ; thus, 
in the Netherlands, during the period 1951-67, 40% more such patients 
were found on account of symptoms than by mass miniature radiograph 
(MMR) carried out every 3 years. The fi from Canada, al: ead 
by TORU) are evenla ay a s. Tk : gures from C nada, also studied 
este by siti ace '. It 1s evident that, also in patients who are 
a large proportion of eee eae tee wy: Symptoms ate P Scat 
siieeraad spideeeoa and_develop early (see also “What is the 
SHGascipy in pattie gical significance of consistent negativity by smear 

positive by culture only ?”—page 50). 
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rounds (1961 om , 1963), positive by culture only, detected during the mass radiography 


was detected (15). who complained of Symptoms at the time when their disease 
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Thus the generalization about the insidious and asymptomatic onset 
of tuberculosis should be revised, or treated with great caution (30). It 
certainly does not apply to new patients with sputum positive by direct 
smear microscopy. Nowadays, under proper chemotherapy, the 
prognosis for such patients is good, but, as the group chiefly responsible 
for the spread of infection, it is of paramount epidemiological importance 
to detect these cases early. Since more than 90% of them develop percep- 
tible symptoms within a few weeks of the onset of tuberculosis, early 
detection is possible—not by traditional mass radiography, but by 
sputum examination. Mass radiography could detect most of these 
cases only 1-3 years after the onset of the disease (3/). Thus they would 
be found when they had probably already done most of the harm they 
could do to the community (see “ What is the role of case-finding by 
periodic mass X-ray examination... ? ’—page 65). 

That is why the WHO Expert Committee on Tuberculosis laid so 
much emphasis on case-finding among patients with symptoms (27, 28). 
The Committee stressed the necessity for the community and for all 
categories of the medical profession to increase awareness of symptoms 
suggestive of tuberculosis. Especially patients having a cough for several 
weeks should have their sputum examined by microscopy as the first 
priority for case-finding (and, if found positive, the first priority for 
chemotherapy). 

The search for patients positive only by culture is of secondary 
epidemiological importance. Patients without symptoms are not an 
urgent matter of public health concern. Their prognosis is likely tobe 
favourable and their infectiousness, if any, is slight. Indeed, it has been 
proved that without cough there is practically no transmission of 
infection (29). 
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What is the role of case-finding by periodic mass X-ray 
examination in tuberculosis control ? 


In tuberculosis control—as in the control of any communicable 
disease—case-finding means the continuous and early detection of 
hidden sources of infection. In other words, it aims at the identification 
of individuals discharging and transmitting tubercle bacilli in the com- 
munity. But case-finding is not an end in itself : it is carried out in order 
to treat the bacilli-excretors detected, so as to alleviate their suffering 
and render them non-infectious. 

Now the capacity of excretors of tubercle bacilli to infect others 
varies considerably. Bacteriological and epidemiological studies have 
revealed fundamental differences in the degree of infectiousness of certain 
categories of patient with pulmonary tuberculosis. 

A comprehensive study (/) was made of the bacterial content of 
pulmonary lesions in patients who had never been given chemotherapy. 
The investigators found that the number of tubercle bacilli in the various 
types of lesion varied substantially. Thus, in an encapsulated, solid 
nodule 2 cm in diameter having no communication with the bronchi, the 
amount of bacilli ranged from about one hundred (102) to a few thousand 
(10%). In contrast, a cavitated lesion of the same extent might contain 
about one hundred million bacilli (10®)—i.e., 100 000 times as many as 
in non-cavitated lesions. Such enormous quantities of tubercle bacilli 
discharged with the sputum can invariably be demonstrated by simple 
smear microscopy, while the small numbers coming from non-cavitary 
lesions are demonstrable only by refined bacteriological techniques such 
as Culture and animal inoculation. 

. This may explain why patients with non-cavitary tuberculosis and 
sputum positive only by culture have a comparatively favourable clinical 
clinical prognosis. They are more likely to undergo spontaneous healing 
than patients with cavitary lesions discharging large amounts of tubercle 
bacilli demonstrable by direct microscopy. Similarly, patients of differing 
bacteriological sputum status—i.e., excreting small or large quantities 
of tubercle bacilli—are very likely also to have differing epidemiological 
relevance. 

The relationship between the frequency of infection and the bacterio- 
logical status of the source of infection has been studied in a number of 
experimental (2) and epidemiological (3-5) studies. 

Table 1 shows the results of a prospective study on the frequency of 
infection and disease in household contacts of newly detected tuberculosis 
cases. The study population consisted of 1532 non-tuberculous children 
followed up for 5 years. About 800 of these lived together with tubercu- 
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losis patients, the rest living in tuberculosis-free households. The latter 
children were termed “ non-contacts ” and served as a control group. 
All the children lived in the same area and were below 14 years of age. 
Table 1 shows the results of tuberculin testing of the children grouped 
according to the bacteriological status of the presumed source of infection 
with whom they lived in the same household. The results of tuberculin 
testing in child contacts were compared with those in non-contacts. 


Table 1 


Results of tuberculin testing of three contact groups — 
(classified by bacteriological status of the source of infection) 
and one non-contact group of children aged 0-14 years? 


OO 


Groups tested No. of Reactors 
(by bacteriological status persons 
of the source of infection) tested No. % 
smear-positive, culture-positive 374 244 65.2 
smear-negative, culture-positive 228 61 26.8 
smear-negative, culture-negative 221 39 17.7 
non-contact group 709 157 22.1 


* After Shaw & Wynn-Williams (3). 


Among the children under study, the contacts of patients positive by 
sputum smear microscopy ran the highest risk of infection—a risk 
significantly higher than that for children living in households where 
there were smear-negative but culture-positive patients. The risk for the 
latter group of children was only slightly higher than that for the contacts 
of patients whose sputum was negative by both smear microscopy and 
culture, and was not much different from the risk of infection for children 
living in tuberculosis-free households. 

The results of the parallel study (3) on the frequency of tuberculosis 
disease observed in the various contact groups are given in Table 2. In 
addition to child contacts, the study covered adult contacts aged 15 years 
or above living in the same households. 

The frequency of disease was the highest in contacts (children as well 
as adults) living in households where there were smear-positive patients. 
In contacts of smear-negative patients—irrespective of whether they were 
positive or negative by culture—the frequency of disease was considerably 
lower (by 90%). 

These findings were later confirmed by a number of other investigators. 
Recently a study made in a country with one of the lowest known preva- 
lences of tuberculous infection demonstrated that, even under such 
conditions, the risk of becoming infected is related to the bacteriological 


sputum status of the infecting patient rather than to the intimacy of 
contact (4). The results of this study are given in Table 3. 
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Table 2 


Frequency of respiratory tuberculosis among contacts, by age and 
by bacteriological status of the source of infection@ 


ee 


Contacts aged Contacts aged 
0-14 years { All contacts 
Bacteriological status of source : manere and above ———$____—__ 
of Infection diseased diseased diseased 
Total — Total ————_ a 
No. % No. % No. % 
eee y 
smear-positive, culture-positive 374 42 11.2 669 73 10.9 1043 115 11.0 
smear-negative, culture-positive 228 4 1.8 408 2 0.5 636 - 1.6 
smear-negative, culture-negative 221 1 0.5 354 5 1.4 575 Se. 10 


—_—_——_— kk 


* After Shaw & Wynn-Williams (3). 


Table 3 


Results of tuberculin testing in contacts of newly detected cases 
of pulmonary tuberculosis 4 


a a ht 
Other contacts 


Household Close relatives, 
contacts friends Gactory, SMe: 
No. Bacteriological status of school) 
sources of infection infected infected infected 
To - Tota ——. 
No. % No. % No. % 
150 smear-positive, 
culture-positive 391 79 20 2669 99 4 3340 9 0.3 
103 smear-negative, 
culture-positive 252 3 1.2 890 0 0 247 0 0 
85 smear-negative, 
culture-negative 216 2 1 648 3. .0.5 344 «#0 0 


* After van Geuns (4). 


Once the category of sputum-smear-positive patients had been 
demonstrated to be of the highest epidemiological importance, the 
questions arose: “‘ How are these sources of infection currently being 
discovered ?”’ and “* What is the contribution of mass radiography to the 
detection of this first priority group ?”’ 


Detection of sputum-smear-positive tuberculosis cases: results of mass 
radiography 

Table 4 reviews the results of WHO-assisted investigations, mainly 
carried out in cooperation with the Tuberculosis Surveillance Research 
Unit (TSRU) of the International Union against Tuberculosis (IUAT). 
The upper part of the table presents information on the routine case- 
finding programme by periodic mass X-ray ; the lower part (below the 
dotted line) gives data from two longitudinal survey studies. In all the 
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countries participating in this investigation, mass radiography for 
tuberculosis case-finding had been a routine procedure for about 20 years 


(6). 


Table 4 


Mode of detection of sputum-positive tuberculosis cases 


EE 
Mode of detection 


No. of mass 
Project * Study period smear-positive radio- symptoms other 
cases oraphy %) (%) 
° 


oS 


Canada (TSRU) (6) 


Saskatchewan 1960-69 401 12 66 22 

Ontario 1967-68 632 13 66 21 
ere n ORIOL Tt SRU (6) 

our regions 1967-69 1617 13 65 22 

Netherlands (TSRU) (6) 

entire peep r 1951-67 2 251 13-15 54-58 27-30 

Rotterdam 1961-65 289 19 55 26 
Longitudinal studies 


Czechoslovakia 
(RIT/WHO/TSRUV) (8) 


Kolin 1965-72 132 23 54 23 
Japan (JATA/WHO) 
Niigata (70) 1972-73 194 24 59 17 


* JATA = Japan Anti-Tuberculosis Association, Research Institute, Kiyose-shi, Tokyo ; 
RIT = Research Institute of Tuberculosis, Prague; TSRU = Tuberculosis Surveillance 
Research Unit, The Hague. 


As the upper part of Table 4 shows, mass radiography made a sur- 
prisingly small contribution to the detection of smear-positive cases. The 
great majority (about 85%) were discovered by means other than mass 
radiography, mostly (about 60%) through people seeking medical help on 
their own initiative because of symptoms..Even under stringent research 
conditions, such as those obtaining in the longitudinal surveys in 
Czechoslovakia and Japan (where there was a high concentration of skill 
and manpower, and a coverage of about 95% of the study population), 
only about one-fourth of the smear-positive cases were detected by mass 
radiography. eigen 

Similar observations (Fig. 1) were reported from a study on a 10% 
random sample of newly detected cases in Japan in 1972 (7). 

Another important observation made in the study projects (Table 4), 
particularly in the Netherlands and in the Kolin study, was that, despite 
intensive mass radiography carried out at 2-3-year intervals, the pro- 
portion of smear-positive cases among those of newly detected tubercu- 
losis had changed little. Thus, in the Netherlands, although the annual 
incidence rates of tuberculosis were Steadily decreasing, the proportion 
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of smear-positive cases remained unchanged during the observation 
period 1951-67. Of every 100 new patients discharging tubercle bacilli, 
46 were smear-positive, despite 17 years of mass radiography at 3-year 
intervals (6). 


Fig. 1 
Mode of detection of new cases of tuberculosis (Japan, 1972) 


Infectious cases 


Non- infectious cases 


sae SE A a 


An equally puzzling observation was made in the Kolin study, carried 
out in an area with a population of about 100 000 (Table 5). The annual 
incidence of new smear-positive cases was not substantially influenced 
by repeated surveys with a 95% coverage of the eligible population aged 
14 years and above. Three-quarters of these cases developed in persons 
who had had a normal chest X-ray at the previous survey. The possibility 
that these advanced cases had developed from pre-existing, but over- 
looked, lesions could safely be ruled out. Each X-ray picture was 
assessed by two readers independently and one referee, and a random 
sample of the films was also examined by a WHO expert. In each new 
case with an abnormal finding, all the previous films were carefully 
scrutinized to ascertain whether any X-ray lung shadow had already 
existed before but had been missed or misinterpreted. 


Table 5 
New smear-positive cases detected In Kolin district, Czechoslovakia, 1961-69 (8) 


1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 


Year of X-ray survey x x x » 4 


‘ mear-positive 
meees ‘ 27 26 29 20 22 24 9 14 22 
eT 
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All cases of tuberculosis and all individuals with abnormal chest 
X-rays discovered in any of the surveys were either treated or closely 
followed up. It was therefore expected that all new cases discovered in 
subsequent surveys would be mainly in persons with previously normal 
X-rays. Thus they would be found at a very early stage—at worst when 
the sputum was positive by culture only. 

Yet year after year a considerable proportion of the newly diagnosed 
cases already had advanced smear-positive tuberculosis. Since, in the 
great majority (about 75%), a detectable lung lesion had not existed at 
the previous examination, the only conclusion to be drawn was that most 
of the new cases with smear-positive tuberculosis must have developed 
rapidly. This conclusion was tested and confirmed (8-J0), as Fig. 2 
demonstrates (see Table 1 in “ How does pulmonary tuberculosis 
develop... ?’—page 59). 

Fig. 2 

Interval between the last normal X-ray and the development of tuberculosis 

in persons of differing bacteriological status (Niigata, Japan). 


(Each bar represents all cases with the bacteriological status indicated at the time 
of detection.) | 
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The figure shows that more than 50% of the newly discovered, smear- 
positive cases developed in less than one year. The cases positive by 
culture (usually with minimal lung lesions) developed within the same 
time. It looks as if new tuberculous lesions developed either slowly or 

| oe right from the beginning. F or reasons not yet fully known, tubercle 
bacilli grow at a very low speed in certain lesions and thus are present 
only in small numbers, whereas in other lesions they multiply rapidly 
reaching enormous counts within a few weeks. Therefore it would be 
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wrong to regard all patients with cavitary, smear-positive tuberculosis as 
old or chronic cases due to delayed diagnosis, be it because of the 
patient’s or because of the doctor’s negligence. As Fig. 2 shows, smear- 
positive tuberculosis of the lung can be as old or as recent as a small 
lung lesion positive only by culture, since at least half of them developed 
in less than one year in apparently healthy persons with a normal X-ray. 

Data from the Kolin study (see Table 1 in ‘‘ How does pulmonary 
tuberculosis develop... ?””—page 59) showed also that about four-fifths 
of new patients who had had a normal chest X-ray at the previous mass 
radiography developed the disease within 3 years. Thus, it appears that 
mass radiography, carried out at intervals of 3 years, may to a large 
extent fail to detect cases sufficiently soon after their onset. Even intervals 
of 6 months may be too long, as an American study (//) has shown: 
although examinations were carried out every 4 months, 21% of the 
cases detected already had moderately or far advanced disease. Thus, to 
find all cases at a “‘ minimally advanced ” stage by means of mass X-ray 
surveys does not appear to be feasible at present, even in highly indus- 
trialized countries. 


Conclusions 


It has been proved that the early detection of all cases with smear- 
positive pulmonary tuberculosis—the most dangerous sources of 
infection—by means of periodic mass radiography is impracticable, even 
when it is repeated at short intervals. The great majority of sputum- 
smear-positive cases develops in a shorter time than the shortest feasible 
interval between two mass radiography survey rounds. Moreover, 90% 
of patients with rapidly progressive pulmonary tuberculosis have 
objective symptoms, such as cough, fever, loss of weight, sputum, and | 
haemoptysis (6, 12). These symptoms develop rather soon after the 
onset of the disease, prompting the patient to seek medical advice. That~ 
is why most smear-positive tuberculosis cases are detected outside 
(usually earlier than) the periodic case-finding campaigns (see Table 4) 
by the regular health services that the patient can consult whenever he 
feels ill. 

For these reasons, mass radiography is not a recommendable case- 
finding method in developing countries either. Moreover, the lack of 
motorable roads, the high breakdown rate of vehicles and X-ray 
machinery, and the shortage of spare parts and repair facilities are 
additional obstacles to the effective operation of periodic mass radio- 
graphy. An operational study in a rural district of South India has shown 
that sputum examination of patients with chest symptoms attending 
general health centres could detect, within one year, about 65% of all 
smear-positive cases existing in the district (with a population of about 
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1.5 million). To achieve the same yield, 900 000 adults would have 
needed to be screened by radiofluorography—the annual workload of 
about 25-30 radiophotographic units (/3). 


The WHO Expert Committee on Tuberculosis, in its ninth report, 


“ noted that mass miniature radiography is a very expensive screening procedure 
for tuberculosis, even when the prevalence is high. Other disadvantages of mass 
radiography are as follows: (1) it contributes only a small proportion of the 
total number of cases found ; (2) it has no significant effect on the occurrence 
of subsequent smear-positive cases, as they usually develop so rapidly that they 
arise between the rounds of mass radiography examinations (thus it follows 
that case-finding and treatment facilities should be constantly available for an 
indefinite period to come) ; (3) it requires the services of highly qualified tech- 
nicians and medical staff who could be better used in other health service activi- 
ties ; and (4) the apparatus or the vehicles used to transport it, are often out 
of service because of mechanical breakdown for months on end, especially where 
spare parts are in short supply. The Committee concluded that the policy of 
indiscriminate tuberculosis case-finding by mobile mass radiography should now 
be abandoned ” (/4). 
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What were the main landmarks in the development 
of tuberculosis chemotherapy ? 


1. The discovery, in 1940, of the bacteriostatic effect of sulfonamides in 
guinea-pigs infected with tubercle bacilli. For the first time, it was 
demonstrated that a chemotherapeutic agent—a derivative of dapsone, 
known as Promin (glucosulfone sodium)—was capable of arresting the 
progress of otherwise fatal tuberculosis in guinea-pigs (J). 

However, the effect of dapsone and other sulfone derivatives on 
tuberculosis in man was disappointing. On the other hand, these 
compounds were found to be effective in the treatment of leprosy, and 
dapsone is still the basic antileprosy drug (2). 


2. In 1944, streptomycin—an antibiotic newly isolated by Waksman from 
the soil organism Streptomyces griseus—showed a striking therapeutic 
effect on experimental tuberculosis in guinea-pigs. Soon after, it was 
used for the first time in human patients (3, 4) (see “ What is the 
therapeutic effect and what is the toxicity of antituberculosis drugs ? ”— 
page 101). 


3. In 1949, it was discovered that para-aminosalicylic acid (PAS) prevents 
the emergence of drug resistance if given in combination with strepto- 
mycin. Since then, the administration of two or more drugs in combi- 
nation has been considered essential for adequate tuberculosis chemo- 
therapy. 


Seren 


a chemical compound synthesized 40 years before. Since its introduction, 
isoniazid has remained an important component of all primary drug 
regimens because it is highly effective, of relatively low toxicity, and 


inexpensive. 


4. The discovery, in 1952, of the antituberculosis activity of isoniazid— 


5. The startling results, in 1956, of trials in Madras demonstrating that 
ambulatory, domiciliary treatment was highly effective without increasing 
the risk of infection for family contacts (see “‘ What were the main 
findings of the Madras study . . . ?”—page 122). These findings prompted 
a radical departure from the traditional sanatorium treatment and 
opened new prospects for nation-wide treatment programmes in 
developing countries. 


6. The demonstration, in 1964, that intermittent regimens can be as 


effective as daily regimens, thereby offering the advantage of fully super- 
visable medication (see ‘‘ What is intermittent chemotherapy ... ? ’— 
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page 132; “ What was the efficacy of primary intermittent chemo- 
therapy ... ?”—page 137; and “ What are the merits of supervised 
intermittent chemotherapy ... ? ”—page 161). 

7. The introduction, in 1972, of short-course regimens enabling the 
conventional duration of treatment to be approximately halved without 
lowering the therapeutic effect. The implications for the patient and for 
the health services are obvious (see ‘‘ How effective is short-course 
chemotherapy ... ?”’—page 183). 
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What is the biological mechanism of chemotherapy ? 


Before the advent of chemotherapy, the treatment of tuberculosis was 
aimed merely at strengthening the patient’s resistance to the disease. This 
was attempted by altering local and general host factors through tra- 
ditional measures such as the avoidance of physical and mental strain, 
prolonged bed-rest, a rich diet, artificial pneumothorax, and thoraco- 
plasty. 

Nowadays, host factors (see ‘* What is the role of the host factor. . .?” 
—page 81) are considered to be less relevant, and it is the action of the 
drug on the tubercle bacillus that has assumed overwhelming importance 
(J). 

Chemotherapy is strictly antimicrobial treatment. Therefore its effect 
Should be judged not by the anatomic healing of lesions but by their 
Sterilization, or at least by the elimination of bacilli from the sputum. 
The effect of chemotherapy is determined mainly by bacteriological, 
environmental (anatomic and biochemical), and pharmacological factors. 


Bacteriological factors 


The numerical factor. The number of tubercle bacilli varies widely 
with the type of lesion (2). According to data on resected lung specimens 
from untreated patients (3), the number of bacilli in a middle-sized cavity 
communicating with the bronchi is about 108 (one hundred million), 
whereas, in an encapsulated nodular lesion of the same size with no 
bronchial communication, it can be as low as 10? (one hundred). (The 
numbers can be rather low also in extrapulmonary lesions of the skin, 
lymph glands, meninges, and bones.) Yet the larger the bacterial popu- 
lation, the higher the probability that resistant mutants are present even 
before treatment is started (see “‘ How does drug resistance develop ?” 
—page 84 and “ How many drug-resistant tubercle bacilli can be found 
in the sputum... ?’’—page 93). That fact must be borne in mind when 
choosing the regimen. 


The metabolic factor. Drugs are generally capable of killing only 
organisms that are fully viable—i.e., that metabolize actively and multi- 
ply continuously. But in each bacterial population there are bacilli that 
sometimes have a very low metabolism. Some are inhibited owing to a 
low pH ; others are dormant most of the time and grow—if at all—only 
during short periods. These organisms remain unaffected by most drugs 
(4, 5) : only rifampicin or pyrazinamide may attack them effectively under 
certain conditions (p. 202). They survive even in the presence of such 
potent drugs as isoniazid and streptomycin in spite of being susceptible. 
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These organisms are also, called “ persisters ” (see “* What is bacterial 
persistence. . . ? ”—page 204). This phenomenon explains to some extent 
why not all bacilli are killed off during treatment, and why drug-sensitive 
bacilli are coughed up for some time thereafter. That is also why a course 
of conventional chemotherapy lasts 12 months or more. Relapse with 
drug-sensitive organisms after the end of treatment or endogenous reacti- 
vation may be due to bacilli that have persisted in residual lesions for a 
long time in a dormant state (see “‘ What are the bactericidal and steril- 
izing mechanisms. . . ?””—page 200). ; 


Environmental factors 


The anatomic factor. The type of tissue harbouring tubercle bacilli 
may, under certain circumstances, modify drug action because not all 
chemotherapeutic agents are able to penetrate into all tissues and cells 
or permeate biological membranes, including the normal blood-brain 
barrier. In all animals, tubercle bacilli at certain developmental stages 
are to be found inside macrophages. Drug penetration through the cell 
walls in inhibitory concentrations may thus be crucial. Isoniazid, 
rifampicin, and pyrazinamide readily cross biological membranes, 
whereas streptomycin fails to enter many cells and is much less effective 
against intracellular bacilli than against extracellular bacilli (6, 7). In 
man, bacilli—particularly those in cavitated lesions—are mostly extra- 
cellular (8). 

Biochemical factors. Important biochemical factors influencing the 
antimicrobial effect of the drug are the environmental pH and the oxygen 
pressure (pO,). At a neutral pH, as in cavity walls, all the bactericidal 
antituberculosis drugs are highly effective, but streptomycin is at its most 
active in a slightly alkaline (extracellular) environment, whereas pyrazin- 
amide acts largely in an acid medium such as can be found inside cells 
(see ‘“‘ What are the bactericidal and sterilizing mechanisms ... ? ”— 
page 200). Little is known about the factors causing dormancy in bacilli, 
but it is suggested that dormant organisms survive within cells or in 
necrotic areas of old encapsulated lesions that do not communicate with 
a bronchus. There the pH is usually on the acid side and the pO, 
is decreased. That the pO, is an important factor is shown by the 
small numbers of bacilli found in closed extrapulmonary lesions. 


Pharmacological factors 


Dosage. It is a truism to say that drugs must be given in doses large 
enough to produce an inhibitory concentration in the sites of the bacilli. 
However, it appears not to be always necessary to keep this concentration 
at a constant level. On the contrary, studies on the role of dosage and 
serum levels of isoniazid (9) showed that it was the peak level that was 
Important for the response to this drug. Thus, 400 mg of isoniazid 
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given once daily was therapeutically superior to the same dose divided 
into two parts and administered at 12-h intervals. 

Combinations of drugs. As a rule, regimens should contain a combina- 
tion of two or more drugs, particularly in the initial phase of treatment 
(see “* What is the purpose of the initial intensive phase... ?”"—page 145). 
In patients whose lesions contain large numbers of bacilli, the regimen 
Should include at least two drugs to which the bacilli are sensitive, 
otherwise failure due to the emergence of drug resistance is likely to result 
(see “ How does drug resistance develop ? ”—page 84, and “* When does 
chemotherapy fail? ”’—page 177). In the early days of chemotherapy, 
patients were treated with one drug ; if that failed, further drugs were 
successively substituted or added, one at a time, with the result that these 
people eventually became chronic patients with organisms resistant to 
all the drugs they had received. 

The “* lag-period” factor. In vitro experiments have shown that, when 
tubercle bacilli are exposed to a drug for a short time (6-24 h) and, 
after careful removal of the drug, are transferred to a drug-free medium, 
the surviving bacilli start to grow again after an interval of several 
days (10). This interval is called the “ lag-period ”, and varies with the 
type and concentration of the drug and with the length of exposure. 
(Regarding the lag-period after pulsed exposure to various drugs, see 
‘* What is intermittent chemotherapy ... ? ”—page 132.) All drugs have 
been tested for their ability to produce a lag-period, in order to determine 
whether they are suitable for intermittent regimens. However, certain 
drugs are not capable of inducing this phenomenon, and the bacilli start 
to grow again immediately after removal of the drug. Such drugs seem 
to have only a bacteriostatic effect and are not suitable for intermittent use. 

The biological mechanism of the antibacterial effect of chemotherapy 
needs to be investigated in greater depth. Many hypotheses still need to 
be confirmed before they can be interpreted uniformly (see “What are 
the bactericidal and sterilizing mechanisms... ?”—page 200). 
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What is the role of the host factor in the treatment 
of tuberculosis ? . 


Host factors, such as age, sex, genetics, nutrition, emotional and 
physical strain, endocrinal changes, and intercurrent disease, are of great 
clinical and epidemiological importance for the emergence of tuberculosis. 
The same factors also largely determine the clinical course and outcome 
of the disease (including relapse) in individuals left untreated or 
inadequately treated by chemotherapy. 

In the pre-chemotherapy era, the treatment of tuberculosis was 
directed merely towards strengthening the host’s resistance. Special diets 
and rest were believed to improve the patient’s immunoresponse ; by the 
avoidance of physical activity and by collapse therapy, such as artificial 
pneumothorax, pneumoperitoneum, thoracoplasty, and plombage, 
attempts were made to immobilize the involved lung tissue or to minimize 
the “ respiratory trauma”. By these measures, it was hoped to achieve 
a maximum of local rest, which would support the healing of destroyed 
lung tissue, especially cavitation. A more radical measure was the removal 
of affected parts of the lung by resectional surgery. 

With the advent of chemotherapy, these methods have mostly become 
forgotten history. Now, it is fully realized that the influence of host 
factors decreases with the potency of drug regimens. Tubercle bacilli 
are killed primarily by drugs (see “‘ What is the biological mechanism 
of chemotherapy ? ”—page 77 and “‘ What were the main findings of the 
Madras study... ? ”—page 122). That fact has been proved by a number 
of studies. 

Table 1 shows the factors influencing the success of chemotherapy. 
The results of the above-mentioned trials (J-4) have been confirmed by 
a large number of studies in many parts of the world, all of which 
demonstrated that time-honoured measures such as institutional treatment 
with strict bed-rest, dietary supplements, and collapse therapy have 
become irrelevant or obsolete. 

One interesting—though not crucial—host factor is the inactivation® 
of isoniazid in the human body. It has long been known that this drug, 
after ingestion, is transformed to a great extent into metabolites that are 
practically inactive against tubercle bacilli (5). The speed of inactivation 
of isoniazid varies widely in animals and in man, and is considered to be 
a genetic phenomenon found in families or ethnic groups (see “* What is 
rapid inactivation of isoniazid ... ?”’—page 148). The fear that the drug 
will not be fully effective in rapid inactivators has not been substantiated. 


@ Also referred to as “ acetylation ’’. 
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Table 1 


Factors influencing the response to treatment ? 
ES 


Unimportant Rest 
Accommodation 


Diet 

Nursing 

Climate 

Sanatorium 
Psychological factors 


LT 


Relatively unimportant Severity of disease 


a 


Important Adequate chemotherapy 
Regular drug intake 


EEE 


® After Fox, W. American review of respiratory diseases, 97: 767 (1968). 


It has been shown that, in daily as well as in intermittent, twice-weekly 
regimens, rapid isoniazid inactivation did not influence the results. 
However, the response to once-weekly regimens in rapid inactivators is 
rather unsatisfactory. Increased doses of isoniazid—therapeutically very 
effective, particularly when given in one daily dose--are far better 
tolerated by rapid than by slow inactivators. 

When it was found that thioacetazone had a remarkably low frequency 
of toxicity in East African patients, compared, for example, with patients 
in Hong Kong, it was suggested that this difference was probably due to 
an ethnic host factor. 

Host factors may also be responsible for certain side-effects of PAS 
and other antimicrobial drugs—e.g., drug hypersensitivity. Since drug 
toxicity can vary substantially in different populations, WHO has 
recommended that each new drug should be tested for side-effects in 
every country before being brought into large-scale use (6). 

Chemotherapy has diminished the role of the host factor to an extent 
that is still not fully realized by all physicians. However, it is asking for 
the impossible to expect chemotherapy alone to produce complete healing 
of tuberculous lesions or cavity closure. Complete healing—i.e., 
restitutio ad integrum of lung parenchyma—practically never occurs, 
because once it has been destroyed by tuberculous caseification or 
necrosis the functional tissue of the lung cannot_be regenerated... The 
nearest approach to perfect healing is seen when a fine scar forms after 
tuberculous tissue has been resorbed or rather sequestrated and eliminated 
through the bronchi, so that sometimes the radiological appearance of 


the lung may seem normal again. But that, if it occurs, can only be an 
indirect, secondary effect of chemotherapy. 
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As has been stated before, chemotherapy is merely antibacterial 
treatment. It kills tubercle bacilli.or stops their multiplication: By that 
means, toxaemia is rapidly reduced and the mental and physical status 
of the patient is substantially strengthened, so that host factors can begin 
to take the initiative towards healing of the lesions. 
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How does drug resistance develop ? 


Thanks to clinical and laboratory observations and to comprehensive 
experimental studies, much is known of how resistance develops, of its 
clinical and epidemiological significance, and of how it can be controlled 
or prevented. 

The phenomenon of resistance was detected soon after streptomycin 
had been introduced in the treatment of human tuberculosis. It was 
observed (/) that, when the drug was given alone, there was at first a 
striking improvement in the patient’s symptoms, together with a rapid 
decrease in the number of bacilli in the sputum, but that the number of 
bacilli usually soon increased again and the patient’s condition deterio- 
rated. It was found that the bacilli isolated from the sputum of patients 
who had received streptomycin alone for a few months were drug- 
resistant—i.e., the bacilli, instead of being killed, continued to grow 
in vitro in the presence of high concentrations of the drug. 

An explanation was soon found through a simple experiment (2). 
Sputum from patients who had never received any streptomycin was 
inoculated on media containing the drug in varying concentrations. In 
many of the cultures, a few colonies appeared in media containing an 
inhibitory concentration of streptomycin (5-10 g/ml). It was obvious 
that some of the bacilli present in the bacterial population must have 
been resistant against streptomycin though they had never come in 
contact with the drug before. Another observation was that, the larger 
a bacterial population, the higher was the probability that resistant cells 
(mutants) were present.* 

Furthermore, it was noticed that, during the treatment of these 
patients with streptomycin alone, the proportion of resistant bacilli 
rapidly increased. After 12 weeks of treatment, the number of colonies 
in media containing 100 or 1000 pg of streptomycin per ml approached 
the number of colonies in the control media without streptomycin. 

It was concluded that large bacterial populations contain a minute 
proportion of cells that are barely or not susceptible to a particular drug 
already before its administration. While the susceptible bacterial cells 
(the majority) are killed by the drug, the nonsusceptible cells survive ; they 
multiply and their nonsusceptible descendants, generation after genera- 
tion, replace the susceptible cells of the population. Thus drug resistance 


@ It is a known phenomenon that, in certai i i 
ae } hat, ain species or populations, some 
individuals—e.g., bacterial cells—deviate from “‘ normal”. Such a deviation, when 


it is inborn and heritable, is called b neticists “ ion ”’ ‘ 
are known as “ mutants". y geneticists ‘* mutation ”’, and the deviant cells 
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is probably the result of a selective process by which the nonsusceptible 
bacteria are singled out through the elimination of the susceptible 
majority. 

~ Drug resistance due to incorrect chemotherapy is called “ acquired ”” 
or “secondary” resistance. “Primary” drug resistance occurs in 
patients who have not received any tuberculosis chemotherapy before. 
Primary drug resistance is caused by infection—i.e., by the transmission 
of drug-resistant organisms from another patient with secondary 
resistance due to inadequate chemotherapy. 

The emergence of secondary drug resistance in a patient receiving 
chemotherapy is a serious event and one of the frequent reasons for 
treatment failure. (For more detailed or quantified information, see 
“What is the ‘fall and rise’ phenomenon ?”—page 91 ; “‘ How many 
drug-resistant tubercle bacilli can be found in the sputum ... ?”— 
page 93). | 

Occasionally it has been argued that bacterial drug resistance is due 
not to the selection of resistant mutants* but to a progressive adaptation 
of susceptible bacilli to the drug to which they are exposed. The 
hypothesis has been that, in an environment where a drug reaches only 
subinhibitory concentrations, tubercle bacilli gradually adjust themselves 
to the drug. In such an environment, a bacterial strain eventually becomes 
so well adapted that it can survive even in high concentrations, and so 
become resistant. It has been stated that the reason why drug resistance 
is the most frequently found in lung cavities is that, owing to the fibrotic, 
poorly vascularized outer wall of the cavity, only an inadequate fraction 
of the drug penetrates and thus reaches only a low concentration, to 
which the bacilli adapt themselves. 

Some supporters of this theory have suggested so-called “‘ zigzag” 
regimens that were assumed to prevent adaptation. Drugs were given 
singly, in fast alternating sequence—a practice that, in the light of present 
knowledge, seems harmful. Zigzag regimens have never gained wide 
recognition. Moreover, the adaptation theory of bacterial drug resist- 
ance has been largely dismissed, mainly on the basis of two facts : 


1. It has been unequivocally proved that, after a therapeutic dose, 
the concentration of isoniazid inside cavities is of the same level as that 
in the blood and many times greater than the inhibitory value. The 
presence of drug-resistant bacilli may be regarded as evidence that the 
drug concentration was sufficiently high to eliminate the susceptible part 
of the bacterial population. 


@ Although there is overwhelming evidence in favour of the mutation and selection 
theory, other mechanisms of origin of drug resistance cannot be entirely excluded. 
However, if they exist at all, they are still unknown. 
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2. A truly homogeneously resistant strain has never become sensitive 
again. However, bacilli that are supposed to be resistant owing to 
adaptation should lose their resistance when they are grown on drug-free 
media, and revert to being sensitive. Yet numerous attempts to make a 
fully drug-resistant strain homogeneously drug-susceptible again have 
failed. A return to sensitivity in clinical practice was either an extremely 
rare event or a ‘“‘ delusion due to deceptive tests ” (3). 
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What is primary and what is initial drug resistance ? 


Primary resistance is due to infection with a strain Originating from 
another patient who has acquired resistance owing to inadequate chemo- 
therapy. Thus the patient with primary resistance to a drug has never 
taken this drug in the past, but his source of infection must have done so. 

The frequency of primary resistance varies from place to place 
(see “Is primary drug resistance a new menace ... ? ”—page 97). It is 
relatively low in most of the technically advanced countries : generally 
about 5% and not higher than 10%. In developing countries, also, it is 
on the average below 15%, except in Hong Kong, where it seems to be 
higher. 

In surveys of the frequency of primary resistance, as well as in clinical 
practice, it is not easy to differentiate primary resistance and undisclosed 
acquired resistance, since the patient himself may not know, or may deny, 
that he has had previous tuberculosis chemotherapy. Occasionally, 
strains with primary resistance may include some with natural resistance 
(see “* What is natural drug resistance ? ”—page 88). Therefore, when 
it is impossible to obtain from a new, drug-resistant patient a reliable 
history of previous chemotherapy, it is better to use the expression 
“ initial” drug resistance. That term would cover true primary as well 
as undisclosed acquired resistance ; it does not include chronic patients 
who, after the failure of long, usually irregular, courses of chemotherapy, 
have become resistant against one drug, and often against several. 

There is evidence that resistance to a single drug, especially primary 
resistance, has little effect on the success of three-drug treatment (strepto- 
mycin + isoniazid + PAS), which is almost as good in such patients as 
in those with fully sensitive strains (/, 2) (see ‘‘ How relevant are initial 
drug resistance and pretreatment susceptibility tests ... ?”’—page 167). 
Even in the presence of primary resistance to two standard drugs, a 
favourable bacterial response is not infrequently obtained with three 
drugs (see “ Is primary drug resistance a new menace ... ? ”’—page 97). 
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What is natural drug resistance ? 


Strains that have never been exposed to any antibacterial drug are 
termed “‘ wild strains”. A naturally drug-resistant strain is a wild strain 
resistant to a particular drug without ever having been in contact with it. 
Thus neither the patient with naturally resistant bacilli nor his source of 
infection has had chemotherapy in the past. Therefore natural drug 
resistance may occur in areas where antituberculosis drugs have never 
come into use. 

This type of drug resistance is of little practical importance. Only 
rarely may a wild strain possess a degree of (natural) resistance that 
would affect the response to standard chemotherapy. An exception is 
thioacetazone, to which natural resistance may occur in certain popula- 
tions (1). Large-scale investigations of wild strains from various parts 
of the world have shown regional and genetic differences in the frequency 
of natural thioacetazone resistance, especially in certain indigenous 
population groups of Asia and Africa (2) (see “‘ What is the frequency of 
adverse reactions against thioacetazone ... ?”’—page 119; and “ What 
are the merits of thioacetazone ... ?”’—page 116). 
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What is transient drug resistance ? 


Occasionally, a positive culture of bacilli resistant to one or, more 
rarely, two drugs of a regimen may be observed in the course of successful 
chemotherapy. The resistant culture is composed of a few colonies 
—tarely more than five—usually obtained shortly before complete sputum 
conversion occurs, but sometimes later (Fig. 1). This finding could be 
due to resistant organisms that for unknown reasons outlived the sensitive 


Fig. 1 


Transient drug resistance in patients with favourable response to chemotherapy. 
The resistant mutants are killed more slowly than sensitive organisms during 
treatment. Just before sputum conversion occurs, the few viable organisms 
resistant to isoniazid may appear for a short period (after Mitchison [5]) 
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part of the bacterial population. If transient resistance occurs, there is 
no justification for any change of treatment (J), since it carries a good 
prognosis. Transient resistance has been observed and comprehensively 
analysed in a number of studies (2-4). 

Since transient drug resistance does not result in treatment failure, 
drug sensitivity tests are of little use during chemotherapy in patients 
with decreasing bacillary counts on consecutive smears or cultures. 


2 A simple explanation could be that susceptible organisms are always attacked 
by all the drugs of a given regimen, and therefore are eliminated first. On the other 
hand, if, for instance, isoniazid plus streptomycin are administered, the isoniazid- 
resistant bacilli can be destroyed only by the streptomycin—i.c., by one drug alone. 
They may thus survive longer than the susceptible organisms. 
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What is the “ fall and rise ” phenomenon ? 


Fig. 1 illustrates the “ fall and rise ” phenomenon frequently observed 
with inadequately treated patients (/, 2). 

The first pair of columns represents a bacterial population before the 
start of treatment. The patient’s sputum is positive by direct smear and 
the total number of bacilli is 100 million (10°) or more, as is commonly 
found in middle-sized cavities. A small Proportion (perhaps several 
hundred bacilli) are mutants resistant to, say, isoniazid at concentrations 
usually found in cavities (see “‘ How does drug resistance develop ? ”— 
page 84 and “ How many drug-resistant tubercle bacilli can be found 
in the sputum... ? ”’—page 93). 


Fig. 1 
The “ fall and rise "" phenomenon 
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After the start of treatment, the total number of bacilli decreases 
rapidly (second pair of columns). However, it is the drug-sensitive part 
of the population (light shading) that diminishes, whereas the resistant 
part (dark shading) remains practically unaffected. In the second month 
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(third pair of columns), the total number of bacilli has decreased further 
at the expense of the susceptible organisms. 

In the subsequent period (fourth pair of columns), the total number 
of bacilli remains about the same ; however, the structure of the popu- 
lation has changed fundamentally because the resistant mutants have 
gained the upper hand. 

During the next period, the resistant bacilli, being now at a biological 
advantage, rapidly outgrow the rest of the drug-sensitive bacilli (fifth 
pair of columns). After about the fourth month (sixth pair of columns), 
the mutants have completely replaced the sensitive organisms : the strain 
has become fully resistant, the total amount of bacilli approaching the 
original number (seventh pair of columns). 

Thus the sputum containing enormous numbers of bacilli was smear- 
positive at the beginning. After the start of treatment, the bacillary 
content of the sputum decreased until it was close to the borderline * of 
demonstrability by direct microscopy (marked in the figure by a horizontal 
line between 10* and 10°). Thereafter, the bacillary content dropped 
further : the sputum became negative by smear microscopy and positive 
only by culture—the “ fall”. After a certain time, the bacillary content 
increased again, the sputum again being positive by direct smear — the 
“ rise”. What actually occurs, in fact, is the “* fall” of the susceptible 
bacilli and the “ rise ” of the resistant mutants of the strain. 


@ In order to find about 10 acid-fast bacilli in about 100 oil-immersion fields, 
the number of bacilli per millilitre of sputum must be around 50 000 (between 104 
and 105) (see Table 1 under “ How reliable is smear microscopy ?”°—page 15). 
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How many drug-resistant tubercle bacilli can be found in the 
sputum of patients who have never received tuberculosis 
chemotherapy ? 


Resistant bacilli are present in wild strains—i .€., in normal bacterial 
populations that have never been exposed to antituberculosis drugs. This 
phenomenon was demonstrated soon after the discovery of streptomycin 
and was later found to occur with other antituberculosis drugs too (/-4) 
(see “ How does drug resistance develop ?’—page 84). 

The demonstration of pre-existing resistant mutants is relatively easy. 
A wild strain of M. tuberculosis is inoculated on media containing 
concentrations of, say, isoniazid, ranging from 0 to 5 Lg per ml of 
medium. Abundant growth develops after about 14 days on the medium 
containing no isoniazid or as little as 0.05 ig/ml. The tubes containing 
higher concentrations of the drug still remain clear, but after about 
3 weeks some growth of colonies appears. Within the next few weeks 
their number increases and can amount to several hundred, depending 
on the drug concentration. Each colony, as a rule, originates from one 
resistant bacillus pre-existing in the original (wild) strain. 

The frequency of drug-resistant mutants in a wild strain depends on 
the origin of the strain, the type of drug, its concentration, and, toa large 
extent, the total number of bacilli. As shown in Table 1, the probability 
that mutants are present decreases substantially as the bacterial popu- 
lation diminishes. Thus, for example, in a population of 1 million (10°) 
tubercle bacilli, the number of mutants resistant to 0.05 ug/ml isoniazid 
ranges from 20000 to 40000; yet in a population of 100 (102), the 
number of resistant organisms is only 0-4 at the same drug concentration. 
This quantitative or numerical dependence is a factor of great practical 
importance. 

Thus, drug-resistant mutants will be present especially in lesions 
harbouring large numbers of tubercle bacilli—e.g., in the pulmonary 
cavities of untreated patients. The number of bacilli commonly found 
inside cavities about 2.5 cm in diameter is of the order of 100 million 

10*).” 

; ye 2 shows the estimated number of resistant mutants in two 
bacterial populations : one containing 100 million (10%) and the other 
100 thousand (10°) bacilli growing at drug concentrations such as are 
attained in cavities. The figures in the table acquire greater practical 
importance when applied to actual situations. For example, a patient 
with cavitary tuberculosis—heavily positive by smear microscopy—might 


* Before the start of treatment. 
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Table 1 


Average numbers of mutants resistant to various drugs, found in wild bacterial 
populations of varying size — observations made on more than 50 wild strains 
of human tubercle bacilli in Léwenstein-Jensen medium containing drugs (3, 4) 


No. of bacilli in bacterial population exposed to the drug® 


Drug concentration (ug/ml) —L—<— SS 
10° 10* 10? 
nn nee neem 
Isoniazid 
0.05 20 000-40 000 0-400 O4 
0.1 0-200 0-2 i) 
0.2 UAL 0 0 
1.0 0-10 0 0 
5.0 0-10 0 0 
Streptomycin 
1.0 1 000-200 000 10-2 000 0-20 
4.0 0-100 0-1 0 
10.0 0-10 0 0 
100.0 0-1 0 0 
Pyrazinamide . 
10.0 0-1 million 0-10 000 0-100 
50.0 0-30 000 0-300 0-3 
Ethionamide 
10.0 5 000-200 000 50-2 000 0-20 


* Number of colonies after 28 days. 


be treated with isoniazid alone. As the table shows, the number of 
isoniazid-resistantt mutants present at the outset of treatment would be 
substantial. At an intracavitary isoniazid concentration as high as 
1 pg/ml, there might be about 300 resistant organisms ; at a concentration 
of 0.2 pg/ml, the number of resistant mutants might be of the order of 500, 
and at the very low concentration of 0.1 g/ml, they might number 4000. 
Thus in large intracavitary populations there is an appreciable number 
of bacilli that are capable of multiplying and will not be affected by a 
single drug—e.g., isoniazid. This finding very likely accounts for the 
frequent failures observed with monotherapy (treatment with only one 
drug) of patients with large amounts of bacilli in their sputum (see 
““ What is the ‘ fall and rise’ phenomenon ?”—page 91 ; ‘‘ When does 
chemotherapy fail ? ”—page 177). 

However, when the patient is treated with two active drugs—e.g., 
isoniazid and streptomycin—the situation is quite different (see the lower 
part of Table 2). Mutants resistant to one drug are, as a rule, susceptible 
to the other, and vice versa. Only mutants resistant against both drugs 
simultaneously are a cause for concern. As can be seen in the lower 
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Table 2 
Estimated numbers of resistant mutants in populations of 10° and 10° bacilli (3) 


a ee ee 


R Intracavitary drug No. of resistant bacilli 
egimen concentration (ug/ml) in a population of: 
isoniazid streptomycin 10° 10° 
Se etenetnnsereennenenneseneneeeeeeeereepereerees 
Isoniazid alone 1.0 _ 330 0 
0.2 a 500 0 
0.1 _ 4 000 4 
Streptomycin alone — 20 40 0 
— 4 4 000 4 
-- 2 > 500 000 > 500 
Isoniazid plus streptomycin 1.0 20 0 0 
1.0 4 i) ) 
1.0 2 > 1.6 0 
0.2 20 0 0 
0.2 4 0 0 
0.2 2 > 2.5 0 
0.1 20 0 0 
0.1 4 0 0 
0.1 2 > 20 0 


part of the table, such doubly resistant mutants are present, if at all,’ 
only when the drug concentration is exceptionally low.. Fortunately, 
such situations are rare. That is probably the main reason why chemo- 
therapy with a combination of two or more active drugs is well known 
to be superior to treatment with one drug alone, particularly for patients 
with heavily positive sputum. 

Another important finding was that, when the bacterial population 
diminishes from, say, 10* to 10°, as usually happens after the start of 
effective treatment (see the last column of Table 2), there is little likelihood 
that any mutants resistant to only one drug are present and virtually no 
likelihood of the presence of doubly resistant mutants. 

The conclusions drawn from those findings are obvious: chemo- 
therapy with two or more drugs would most likely destroy any existing 
resistant mutants. By proper chemotherapy, particularly with an initial 
intensive phase, the total bacterial population could be reduced to such 
a low number that the risk of the emergence of new resistant mutants 
would become trivial. Thus, after an initial intensive phase, treatment 
could continue less aggressively—e.g., instead of three drugs daily from 
the outset, two drugs daily or intermittently, or even a single drug daily, 
could be given. This hypothesis was supported by experimental evidence 


~ 


@ Rule of thumb: average frequency of isoniazid-resistant mutants, ~ 1 in 
100 000 ; streptomycin-resistant mutants, ~ 1 in 1 000000; and doubly resistant 
mutants, ~ 1 in 100 000 000 or more bacilli. 
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in murine tuberculosis and became the concept of two-phase chemo- 
therapy (see “ What are two-phase chemotherapy and the: so-called 


100% regimens ? ”—page 130). 
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Is primary drug resistance a new menace to the control of 
tuberculosis ? 


In the early days of chemotherapy, regimens were often inadequate, 
irregularity of treatment was common, and the failure rate was high. 
As a result, the prevalence of chronic patients discharging drug-resistant 
organisms increased. It was generally feared that these patients would 
infect the community to such an extent that primary drug resistance 
(see ““ What is primary and what is initial drug resistance ?—page 87) 
might become an epidemiological and clinical problem similar to that 
of penicillin resistance in certain staphylococcal diseases. Alarming 
figures of drug resistance in 50% or more of newly attending patients 
were reported, mainly from developing countries, where, in fact, most 
of these patients were (concealed) treatment failures and thus had not 
primary but acquired (secondary) resistance. 

Therefore, it was not possible to compare the data from different 
clinical reports or surveys, mainly on account of the considerable 
differences in laboratory techniques, criteria of drug resistance, and 
ways of selecting groups of patients for examination. 

The safest way of obtaining comparable and reliable information on 
the prevalence and trend of primary drug resistance is to make periodic 
epidemiological surveys. For that purpose, stringent statistical methods 
have to be used for drawing adequate and representative samples of 
previously untreated patients to be examined ; laboratory techniques, 
criteria of drug resistance, and interrogation procedures must be 
standardized and described in a carefully designed protocol and adhered 
to strictly. An important requirement is a bacteriological laboratory 
adequately equipped and staffed, and capable of performing susceptibility 
tests with consistently identical methods and criteria, so as to ensure 
comparability of the findings. 

Only a few surveys have conformed to these requirements. The 
findings given in Table 1 were taken from surveys repeated at least once 
and covering observation periods of 5-10 years. The measurement of 
primary resistance to isoniazid is of the greatest epidemiological value, 
since this drug is widely used in treatment all over the world. Data on 
streptomycin resistance are also of value, but streptomycin is used less 
uniformly and less widely than isoniazid. The test of susceptibility to 
streptomycin is more difficult to perform reliably than that to isoniazid, 
and the occurrence of natural resistance may obscure the information 
sought. Tests of sensitivity to PAS and thioacetazone were not reported, 
since they do not provide important epidemiological information. 
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Table 1 


Rates of primary resistance to isoniazid and streptomycin among 
tuberculosis patients with no history of previous chemotherapy 


Resistance to: 


Study ee 

Country or area Year (reference No.) isoniazid streptomycin 
(%) (%) 
1955 (1 0.6 2.2 
United Kingdom bin 2 fe ar 
1957 (3, 4) 3.8 2.3 

1 : : 
Madras city, 1902 6.4 9.0 
India 1963 7.6 7.6 
1964 4.9 6.6 
1965 5.8 6.6 
Madanapalle, 1962 5 6.0 6.0 
India { 1967 ” 7.6 6.7 
1957 4.1 6.5 
1959 4.3 8.3 
Japan * 1961 6.8 9.4 
1963 4.6 8.9 
1966 3.7 9.4 
1961 (7) 0.9 2.0 
1962 1.8 3.0 
fs i * salon 
1964 : E 

USA 1965 2.3 1.3 
1966 2.0 2.3 
1967 1.4 1.4 
1968 1.3 0.9 


* T. lwasaki, unpublished observations, 1974. 


Tables 2 and 3 give information on the frequency distribution of 
piimary resistance to one, two, and three drugs, as well as on the 
frequency by age, derived from a report of the United States Public 
Health Service (7). 


Table 2 


Primary resistance to one or more drugs in 9380 mycobacterial strains 
from newly diagnosed, previously untreated patients examined 
in a continuing sample survey from 1961 to 1968 in USA (7) 


Strains No. % 

Total examined 9 380 100 
Total resistant 331 3.5 
Resistant to one drug 244 2.6 
Resistant to isoniazid 88 0.9 
Resistant to streptomycin 143 15 
Resistant to PAS 13 0.4 


Resistant to two drugs 


Resistant to isoniazid + streptomycin 33 
Resistant to three drugs 
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Table 3 


Primary resistance to one or more drugs (isoniazid, streptomycin, and PAS) 
among 9380 newly diagnosed, previously untreated patients, 
according to age and year of examination in a continuing sample survey 

of the US Public Health Service (after Doster et al. [7]) 


ea ee Ts 


Year of Age at examination (years) 

examination <35 35-54 > 55 
sR <r ec os eS 

% % % 

1961-62 2.5 1.9 0.8 

1963-65 2.4 1.9 1.9 

1966-68 1.7 1.8 1.3 
Bi ne nm ed 

Total 
1961-68 2.3 1.9 1.3 


Resistance to one drug was found in about 3 out of 4 Strains with 
primary resistance, whereas resistance to three drugs (isoniazid, strepto- 
mycin, and PAS) was found in only 1 of 12. Resistance was relatively 
more frequent among younger patients. This would Suggest that it is 
due to infection with resistant organisms rather than to natural resistance, 
as is sometimes argued. However, there was no indication of a tendency 
towards increase in any age group. 

Information from repeated surveys providing comparable data show 
no evidence of a progressive build-up of primary drug resistance during 
the past decade. Indeed, as far as trends can be observed, there is an 
indication that the levels are rather stable or that they even decrease as 
the standard of treatment improves (8). : 

The figures from Madras (Table 1) are especially instructive, since 
the patients were residents of a well-defined area of the city throughout 
the 10-year survey period. The patients were interrogated particularly 
carefully and were independently cross-checked by doctors, public health 
nurses, social workers, and health visitors. All specimens were examined 
in the same laboratory with the same methods throughout, and the data 
obtained were comparable. In that respect, the data are unique for a 
developing country. 

The findings are particularly valuable since, before and during the 
period of investigation, the standard of treatment was deficient. There 
was a shortage of medicaments and staff, and the organization of treat- 
ment in the governmental and non-governmental health services was much 
below standard. Short, and often interrupted, courses of isoniazid alone, 
or other inadequate regimens, were common. There were no reserve 
regimens for the large number of drug-resistant chronic patients. The 
patients lived in overcrowded dwellings without any possibility of iso- 
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lation. There was neither BCG vaccination nor isoniazid chemo- 
prophylaxis. In fact, all the conditions favouring the spread of drug 
resistance in the community had been operating for a long time. Never- 
theless, the data provide no evidence of a significant build-up of primary 


drug resistance. . 
Moreover, there is now adequate evidence that, with standard 


chemotherapy, the prognosis for patients with primary resistance to one 
drug—the most common type—is almost as favourable as that for 
patients with susceptible organisms. It needs a very high level of primary 
or initial drug resistance in a population of patients to influence the 
overall success rate of standard two-phase chemotherapy including an 
initial phase of three drugs daily. Thus, even in a group of patients with 
newly diagnosed disease, every third of whom has drug-resistant organ- 
isms, the success rate would be only about 5% less favourable than in a 
group of patients with fully susceptible organisms, other circumstances 
being equal (see ‘* How relevant are initial drug resistance and pre- 
treatment susceptibility tests... ?”’—page 167). 

There is therefore no reason to assume that primary drug resistance 
is becoming a greater danger to the community than exposure to 
infection with drug-sensitive organisms is at present. 
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What is the therapeutic effect and what is the toxicity of 
antituberculosis drugs ? 


It is difficult to determine and measure the efficacy or toxicity of a 
particular drug, since antituberculosis drugs are almost invariably 
administered in regimens containing several drugs in combination. 
However, if two or more drugs are taken simultaneously, synergistic as 
well as antagonistic interactions between the drugs and the host may 
occur, generally making it impossible to say what is due to what. Though 
valuable knowledge has been obtained from experimental work, there is 
still no suitable in vitro or animal model from which information can be 
transferred to man without reservations. 


Streptomycin 


The first effective drug against tuberculosis of man, discovered in 
1943 by Waksman, was streptomycin—an antibiotic isolated from a soil 
organism. It is used in the form of streptomycin sulfate and is dispensed 
as a dry powder in l-g or 5-g vials. Streptomycin is administered by 
intramuscular injection. The daily dose is usually 1 g, given in a single 
injection. In older or weaker patients, 0.75 g has been shown to be 
equally effective and less toxic. 

One hour after administration, streptomycin reaches its maximum 
serum concentration, which remains above inhibitory levels for many 
hours. Its bactericidal action depends to some extent on the pH of the 
site where the bacilli are located. 

Streptomycin does not permeate cell walls or normal biological 
membranes, such as the meninges or the pleura, unless inflammatory 
tissue changes have taken place (see also “‘ What is the biological mech- 
anism of chemotherapy ?”—page 77). The drug is excreted almost 
entirely through the kidneys. (When streptomycin was rare and expensive, 
it was recovered from the urine of patients receiving streptomycin 
injections, for repeated use.) In patients with impaired renal function, 
streptomycin may accumulate and reach undesirably high concentrations. 

In wild strains of tubercle bacilli, mutants moderately resistant against 
streptomycin may be present in a proportion of 1: 1 million. 

Adverse reactions. Apart from hypersensitivity reactions, such as 
fever and rash (see also “‘ What are the most usual signs of drug hyper- 
sensitivity and procedures of desensitization ? ”—page 206), the main 
toxic effect of streptomycin is vestibular damage. The risk increases with 
the dose and age (over 40 years). Damage to the vestibular apparatus 
usually occurs in the first 2 months and is manifested by vertigo and 
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ataxia. The simplest way of demonstrating the latter is to ask the patient 
to walk along a straight line with his eyes closed. If he walks more 
unsteadily than when he has his eyes open, he has ataxia. If a patient 
complains of dizziness and the drug is stopped or the dosage reduced, 
the dizziness may disappear. If treatment continues, the vestibular 
damage may become worse and permanent. This risk is particularly high 
in patients with impaired excretory function of the kidneys. So far, no 
drug or additive to streptomycin has been found that would safely prevent 
or successfully treat vestibular damage due to this drug. 

Transient and minor side-effects, such as circumoral numbness and 
tingling, may occur soon after injection. 

It may be preferable to avoid giving streptomycin to pregnant women, 
because of a slight risk of impairing the eighth nerve of the fetus (/). 


Para-aminosalicylic acid (PAS) 


This drug, introduced in 1946, is generally used in its sodium salt form. 
The usual dose for adults is 10-12 g orally per day, in two or three doses. 
Though also lower doses, e.g., 6-8 g, have been shown in trials (2, 3) 
to be effective, they have never been used routinely on a wider scale. 

PAS is particularly effective in preventing the emergence of isoniazid- 
resistant organisms when the drug is used in combination with isoniazid. 
It is this property of PAS that has established its importance in the 
chemotherapy of tuberculosis. 

PAS is rapidly excreted by the human patient. Therefore, in order 
tc maintain the high blood level necessary, it must be administered in 
high doses and in combination with other drugs. 

PAS is supplied in the form of tablets, powder, or granules. Some 
preparations do not keep well in tropical conditions. Other disadvan- 
tages are the large size of the cachets, the large number of tablets to be 
taken, and the unpleasant taste. 

Adverse reactions. Apart from reactions due to hypersensitivity, such 
as fever, rashes, and itching (see ‘‘ What are the most usual signs of drug 
hypersensitivity and procedures of desensitization ?”—page 206), the 
main side-effects of PAS are gastrointestinal. The reported frequency 
varies with the country and the observer. However, patients can often 
be persuaded to put up with side-effects, and only in 1% or 2% is it 
necessary to stop giving the drug. 

Gastrointestinal disturbances can be diminished by taking PAS with 
or immediately after food. Nevertheless, there are some individuals who 
do not seem able to tolerate the drug, because of severe diarrhoea. 
Hepatitis and jaundice are rare complications in the case of which the 
drug must be stopped or replaced by ethambutol (see page 107). 
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Thioacetazone 


The efficacy and toxicity of this drug are thoroughly discussed else- 
where (see “ What are the merits of thioacetazone... ? "—page 116, 
and “ What is the frequency of adverse reactions against thioacet- 
azone... ?”’—page 119). 

Thioacetazone in doses of 150 mg daily given in a single dose has 
about the same rate of toxicity as PAS, its side-effects including rashes, 
jaundice, and bone-marrow depression. Gastrointestinal upsets seem to 
be somewhat more frequent with thioacetazone, especially in Asians. 
Moreover, cutaneous reactions appear to be more serious than with 
other drugs. Thus exfoliative dermatitis or Stevens—Johnson syndrome 
may occur if the drug is not stopped. Most of the serious adverse reactions 
have been observed within the first 4-6 weeks of chemotherapy. 

Thioacetazone has been investigated in the largest controlled double- 
blind toxicity trial conducted so far (see “‘ What is the frequency of 
adverse reactions against thioacetazone. .. ? "—page 119). Whereas the 
drug was poorly tolerated by the Chinese population of Singapore and 
Hong Kong, it was surprisingly well tolerated in East African countries. 


Isoniazid 


Isoniazid is isonicotinyl hydrazine—a chemical compound synthetized 
in Prague as long ago as 1912. However, its activity against the tubercle 
bacillus was discovered only in 1952. Since then, it has ranked among 
the most powerful antituberculosis chemotherapeutic agents. Isoniazid 
is known to be effective only against the tubercle bacillus, and not against 
other microbes. It penetrates rapidly into all tissues and lesions, and its 
activity is not influenced by the pH of the environment. Because of its 
potency, infrequent toxicity, small bulk, and cheapness, isoniazid is the 
drug most widely used in the treatment of tuberculosis. 

Isoniazid is administered orally, the dosage for daily regimens being 
4-5 mg per kg of body weight—i.e., usually 200-300 mg. In intermittent 
regimens the dosage is 14-15 mg/kg—i.e., about 700 mg, given in one 
single dose, for patients weighing 50 kg. The drug should not be given 
in divided doses because it has been proved that it is more important 
to attain a high peak concentration in the serum than to maintain a 
continuously inhibitory level (4). 

The time during which an adequate isoniazid level is maintained 
in the tissues and body fluids depends also on the rate of inactivation of 
the drug. Isoniazid is metabolized mainly by acetylation, at a rate that 
varies from one individual to another but is consistent in the same 
individual. The rate of inactivation is determined mainly by genetic 
factors. Patients can generally be divided into two groups: slow and 
rapid inactivators (acetylators) of isoniazid (see “‘ What is rapid inacti- 
vation (acetylation) of isoniazid... ?””—page 148). 
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Adverse reactions. The most common toxic manifestation of isoniazid 
therapy is peripheral neuropathy. The earliest symptom is paraesthesia, 
followed by pricking pain and burning sensations in the feet and later in 
the hands. If left untreated, the symptoms become worse and may cause 
distress to the patient. The frequency of neuropathy increases with the 
size of the dose. It is generally more common in slow inactivators. 

Isoniazid neurotoxicity can be prevented by pyridoxine (vitamin Bg) 
‘n rather small doses (6 mg). Pyridoxine should always be given in a 
single dose together with isoniazid when the latter is administered in high 
doses, such as 14 mg per kg of body weight. Pyridoxine has also a 
therapeutic effect on isoniazid-induced neurotoxicity. However, high 
doses—e.g., 50 mg as a daily additive—though effective, may neutralize 
the bactericidal activity of isoniazid (5). 

Another toxic effect of isoniazid, observed mainly in preventive 
chemotherapy, is drug-induced hepatitis (6). It occurs the most fre- 
quently (2%) in adults over 35 years of age in chemoprophylaxis pro- 
grammes but rarely with standard chemotherapy of tuberculosis patients. 
Some cases have even been fatal (6, 34). 

Infrequently, toxic psychosis and generalized epileptic convulsions 
may occur in both slow and rapid inactivators. Rarely, and only in 
patients with signs of malnutrition or malabsorption, a pellagroid 
syndrome has been observed (dermatitis, diarrhoea, and dementia). It 
seems that vitamin B, (pyrodoxine) is both prophylactic and therapeutic 
in such cases. 

In wild strains, mutants moderately resistant to isoniazid may be 
found in a proportion of 1 : 100 000 bacilli. 


Ethionamide 


Ethionamide and its slightly modified analogue, protionamide, are 
given mainly in regimens for the re-treatment of patients resistant to 
isoniazid and streptomycin (see ‘“‘ What reserve regimens are avail- 
able... ?”’—page 163). 

Ethionamide is an oral drug. Its efficacy is rated lower than that of 
the drugs mentioned previously. The dosage is 1 g daily, divided into 
two equal doses. This seems to be the maximum dose tolerated. How- 
ever, a number of patients cannot tolerate this dose, and 0.75 g is the 
next lowest daily dose (0.25 g in the morning and 0.5 g in the evening, 
shortly before going to bed). A dose of 0.5 g probably causes the least 
unpleasant side-effects, but may give inferior results in average-sized and 
heavier individuals. Protionamide is claimed to be better tolerated (7, 8) 
than ethionamide, but has still not replaced it. 

Though isoniazid and pyrazinamide are chemically related to 
ethionamide (all are derivatives of isonicotinic acid), there is no cross- 
resistance between them. However, acquired thioacetazone resistance 
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often involves cross-resistance to ethionamide. Therefore re-treatment 
with ethionamide is not to be recommended for patients previously 
treated unsuccessfully with thioacetazone. 

Adverse reactions. Ethionamide is regarded by many as one of the 
most unpleasant of all antituberculosis drugs for the patient to take. 
The principal side-effects are gastrointestinal—e.g., anorexia, salivation, 
nausea, abdominal pain, and diarrhoea. Gastric irritation can be 
reduced by entero-coating the pills (9). Some side-effects are due to the 
action of the drug on the central nervous system, and are difficult to 
control. An important factor that can influence the patient’s tolerance 
of ethionamide is his determination not to give up treatment. However, 
that requires strong human support and persuasion by the doctor and 
nursing staff, as well as sound organization. The latter is important to 
provide convenient therapeutic and social services to patients under 
Te-treatment, who often have serious problems of social adjustment 
(see Management of re-treatment in ‘“‘ What reserve regimens are avail- 
able... ?’—page 163). | 


Pyrazinamide 


This drug was previously used mainly in re-treatment (reserve) 
regimens. It was found to be a relatively powerful antituberculosis drug, 
but early reports on hepatotoxic reactions were rather discouraging. 
However, since pyrazinamide was usually given in combination with 
other reserve drugs, such as ethionamide and cycloserine (both of which 
are quite toxic), it was difficult to ascertain to what extent pyrazinamide 
contributed to the adverse effects of the various reserve regimens. 

Pyrazinamide has been found experimentally to be highly effective 
against murine tuberculosis. The drug has been shown to have a special 
sterilizing effect on organisms that grow very slowly owing to an acid pH 
of the environment—e.g., inside macrophages. Thus pyrazinamide is 
able to kill tubercle bacilli that could not otherwise be attacked by other 
current drugs. For this reason, the drug has recently been reintroduced 
into short-course chemotherapy (/2) (see “‘ What are the bactericidal and 
sterilizing mechanisms of short-course regimens ? ”—page 200). Pyrazin- 
amide is given orally, and the usual daily dose is 1.5-2.0 g divided into 
two or three doses per day (J0, /1) or 3 g when given twice weekly (see 
“What is the dosage of drugs in daily and intermittent regimens ? ”— 
page 112). 

Adverse reactions. Toxicity reports have varied widely, partly owing 
to regional differences and partly because the drug has usually been 
administered together with ethionamide and cycloserine (see above). 
Pyrazinamide has been investigated in the re-treatment of chronic 
tuberculosis patients who for various reasons, such as concurrent disease 
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and liver function impairment, are difficult to treat and liable to suffer 
from more side-effects. Moreover, liver function tests are difficult to 
interpret, and reports on hepatic toxicity are often based merely on such 
tests. A recent evaluation stated that regimens with pyrazinamide in 
currently accepted doses, daily or intermittently, carry a low risk of 
hepatic toxicity (34). 

In combination with isoniazid, streptomycin, or rifampicin, pyrazin- 
amide has been found a rather convenient drug of low and manageable 
toxicity, whether administered daily (1 .5-2.0 g) or intermittently 
(2.0-2.5 g thrice weekly or 3.0-3.5 g twice weekly)—the higher dose for 
patients over 50 kg (/2). Other side-effects are pains in the joints and 
sometimes attacks of “ gout”, probably due to the diminished excretion 
and accumulation of uric acid. The frequency of arthralgia in patients 
receiving pyrazinamide combined with isoniazid and streptomycin was 
7% in daily regimens and 3% in twice-weekly regimens. These disturb- 
ances are successfully managed with acetylsalicylic acid or other anal- 
gesics, or with allopurinol. 

Occasionally, hypersensitivity reactions, such as fever and rash, and 
other cutaneous reactions may be seen. Patients should be cautious in 
exposing their skin to sunshine, since photosensitivity may occasionally 
cause a reddish-brown colouration of the exposed areas, resembling 
sunburn. 


Cycloserine 


This is an antibiotic with a relatively weak effect against the tubercle 
bacillus. Cycloserine is used only in reserve regimens—preferably in a 
three-drug combination. It is given orally in doses of 0.5-1.0 g daily, 
divided into two doses. Cross-resistance to any of the other antitubercu- 
losis drugs has not been reported. 

Adverse reactions. The main toxic effects concern the central nervous 
system. Cycloserine may cause confusion, depression, changes of 
behaviour, and sometimes sudden suicide. Outpatients treated with the 
drug, and their families, should be warned and advised to report any 
undue depression or personality changes immediately. 


Viomycin, kanamycin, and capreomycin 


__ These three drugs are antibiotics. Their action on the tubercle bacillus 
is rather weak and they are used only in three-drug regimens—usually 
in combination with other reserve drugs. 

___ Viomycin, kanamycin, and capreomycin are given by intramuscular 
injection. The daily dose is 1 g in a single injection. Cross-resistance 


ihe the three drugs has often been reported and seems to be rather 
ex. 
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Adverse reactions. All three drugs may cause disturbances of the 
eighth nerve and renal impairment. The patient’s urine should be tested 
for albumin. If there is any indication of giddiness or deafness the drug 
should be stopped. Capreomycin is at least as effective as viomycin and 
kanamycin, but is less toxic (73) and may ultimately replace them. 


Ethambutol 


Ethambutol is a Synthetic compound, unrelated to previous anti- 
tuberculosis drugs. It is effective against drug-resistant strains of M. 
tuberculosis and some other mycobacteria, e. g., M. kansasii, but it is not 
effective against other microbes or fungi. It is an oral drug, easily 
absorbed. The antituberculosis effect of ethambutol is mainly bacterio- 
Static, as experimental and clinical studies have demonstrated (145-5). 
Though previously used mainly in the re-treatment of patients with 
acquired resistance to the standard drugs, ethambutol is increasingly 
being used in primary regimens as a substitute for PAS (15, 16). 

It needed several controlled clinical trials to establish the safest 
effective dose of ethambutol, since ocular toxicity had been reported 
shortly after the drug had been introduced (/7, 18). 

The daily dose of 15-25 mg per kg of body weight has been demon- 
strated to be effective in reserve regimens and when ethambutol is given 
as a companion drug to isoniazid in primary regimens. The dose in 
intermittent regimens is usually 50 mg/kg twice weekly. 

Adverse reactions. Ethambutol may produce retrobulbar neuritis, 
characterized by impairment of vision: a decrease in visual acuity, 
blurring, central scotoma, and red-green blindness. However, ocular 
toxicity seems to be clearly dose-dependent, and occurs only rarely when 
not more than 15 mg/kg are given daily (19). At this dose, periodic 
(monthly) visual testing is not necessary. However, every patient 
receiving ethambutol should be warned that, if visual symptoms become 
manifest, an ocular examination should be undertaken. Impaired vision 
usually returns to normal within a few weeks when the drug is stopped 
and may remain normal when a lower dose is given thereafter. 

Ethambutol is now established as a bacteriostatic companion drug in 
primary and re-treatment regimens. It would have largely replaced PAS 
and thioacetazone by now, because it is better tolerated, had it not been 
far more expensive. 


Rifampicin 
Since the introduction of isoniazid, no antituberculosis drug has 


attracted more attention than rifampicin. This semisynthetic antibiotic is 
active against tubercle bacilli whether or not they are resistant to other 
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drugs. Jn vitro and in vivo studies (20, 21) demonstrated the exceptional 
bactericidal effect of rifampicin and its suitability for intermittent use (22). 
Since nontoxic oral doses produced a serum concentration about one 
hundred times as high as levels inhibitory in vitro, rifampicin raised hopes, 
from the outset, that it would not only attack multiresistant organisms 
but also enable the duration of treatment to be shortened (see ‘‘ How 
effective is short-course chemotherapy... ?’’—page 183) (23). 

In wild strains, the proportion of mutants resistant to rifampicin was 
found to be substantially lower than that of isoniazid-resistant mutants. 

The daily dose is usually 450-600 mg orally, in capsules of 150 mg. 
In intermittent regimens, the dose is usually 600-900 mg twice weekly, 
or occasionally up to 1200 mg once weekly. 

There is evidence that rifampicin is a potent drug against human 
tuberculosis, whether it is used for primary treatment or for re-treatment, 
daily or intermittently. As recent studies have confirmed, it has opened 
up new prospects of short-course chemotherapy (/2, 24). However, 
rifampicin has not yet become a universally used standard drug, mainly 
for two reasons: it is expensive and it may produce adverse reactions 
requiring special supervision and care. 

Adverse reactions. Early reports praised rifampicin for its ease of 
administration and low toxicity compared with that of drugs used in 
reserve regimens (22). However, with growing experience, reports on 
rifampicin side-effects conflicted increasingly. While some authors did 
not register any serious adverse reactions, others (25-27) observed 
sometimes very serious toxicity, irrespective of whether rifampicin was 
administered with isoniazid and/or ethambutol, but mainly when it was 
given intermittently and in doses over 600 mg (32). 

A clear account of rifampicin side-effects was presented in a report 
from Hong Kong, where a special investigation on the efficacy and 
toxicity of rifampicin was carried out in patients who had already failed 
on previous standard chemotherapy with primary drugs and had 
organisms resistant to isoniazid (28-29). Similar observations were 
reported from studies started earlier in Finland, in patients previously 
treated with various types of primary and reserve regimens (3/). It was 
also observed that rifampicin can neutralize the effects of oral contra- 
ceptives (33). 

As far as the frequency of side-effects is concerned, it was surprising 
that, unlike other drugs, rifampicin produced adverse reactions more 
frequently with intermittent than with daily regimens. Moreover, the risk 
of side-effects increased with the length of the interval of intermittency. 
Thus, once-weekly regimens carried a higher toxicity risk than twice- 
weekly Tegimens with the same dose, and a once-weekly regimen produced 
fewer side-effects when it was preceded by a 2-month initial daily phase. 
The following adverse reactions have been recorded (30, 28). 
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With daily regimens, reactions were generally uncommon and trivial. 
Cutaneous and abdominal reactions (see 1 and 2 below), as well as liver 
dysfunction (see 6 below) in patients with a history of liver disturbances 
or alcoholism, were relatively frequent. Purpura occurred rarely. Reac- 
— most frequently observed with intermittent regimens were as 
ollows. 


1. A cutaneous syndrome consisting of flushing and/or pruritus, with or 
without rash, involving particularly the face and scalp, often with redness 
and watering of the eyes. 

2. An abdominal syndrome consisting of pain and nausea, sometimes 
accompanied by vomiting or, less commonly, diarrhoea. 

3, A. syndrome consisting of attacks of fever, chills, malaise, 
headache, and bone pains, the last-mentioned sometimes being severe. 
4. A respiratory syndrome (uncommon), consisting of shortness of 
breath rarely associated with collapse and shock. 

5. Purpura and other rare reactions, such as acute haemolytic anaemia, 
shock, and renal failure. 

6. Elevated transaminase serum levels (quite common but transient, even 
when treatment is continued), with a low risk of hepatitis (30, 34). 


The first four syndromes typically begin 2-3 hours after the single, 
morning dose of rifampicin. Many patients had more than one syndrome 
simultaneously. The onset of the more common syndromes was as 
follows. Cutaneous episodes usually started during the first month. 
Gastrointestinal symptoms, which occur mostly with intermittent 
regimens, were spread over the first 6 months. The “ flu” syndrome, 
observed only with intermittent regimens, began predominantly in 
the 3rd to Sth months of treatment (32). The first three syndromes 
occurred most frequently on the once-weekly regimens. The frequency 
in regimens of 600 mg of rifampicin twice weekly was 4%, increasing 
with dose size and interval to 22% with once-weekly regimens (900 mg). 

Management of adverse reactions to rifampicin (30). About one-half 
of patients with adverse reactions require no major modification of their 
regimens. 

The cutaneous syndrome is often self-limiting and does not usually 
require more than symptomatic treatment. Rarely is it necessary to 
change the regimen, unless association with other side-effects, such as 
generalized hypersensitivity reactions, occurs. The abdominal syndrome 
requires only symptomatic treatment as long as it occurs alone. If the 
patient has been taking the drug on an empty stomach—as is recom- 
mended—reactions can usually be stopped by giving the drug during a 
meal. 

The “ flu ” syndrome, usually mild, requires no change of treatment. 
If it persists, reduction of the dose, a change to daily administration, 
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and the interruption or, rarely, termination of rifampicin, may be 
necessary. The “ flu” syndrome is possibly of an immunological nature, 
and whether it is directly related to the appearance of drug-dependent 
antibodies in the serum of patients receiving rifampicin is still under 
discussion. 

In patients with the respiratory syndrome caution is required, 
because shock may occasionally develop, with a sudden fall in the systolic 
blood pressure and anuria. Such cases require immediate, adequate 
hospital care. If shock is followed by renal failure (rare), rifampicin is 
to be stopped and never given again. This applies also to haemolytic 
anaemia. 

In summary, adverse reactions to rifampicin—when not self-limiting— 
can usually be controlled by reducing either the dose size or the interval 
between doses, e.g., from once weekly to twice weekly or daily. That 
generally concludes the episodes or makes them so trivial or infrequent 
that they no longer give rise to concern (see also : “* What are the most 
usual signs of drug hypersensitivity and procedures of desensitization ? ” 
—page 206).* 

If purpura occurs, rifampicin is stopped and not given again—not 
even in a small test dose. Thereafter the platelet count returns to normal 
within a few days (2, 3, 32). 

For the other syndromes, the following steps are taker. 


(a) If symptomatic treatment is not sufficient to control the episode, 
lowering of the dose, usually by one 150-mg capsule, is tried ; 

(b) If troublesome symptoms persist, tolerance may be induced by 
giving daily doses, starting with 150 mg and increasing them by 150 mg 
until a dose of 450 mg has been reached. This dose is then continued ; 
and 


(c) If procedures (a) and (6) fail entirely, rifampicin is discontinued. 


a A review of adverse reactions to rifampicin and their management is being 


prepared (Girling, D. J. & Hitze, K. L.) for publication in the Bulletin of the World 
Health Organization. 
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What is the dosage of drugs in daily and intermittent 
regimens ? 
The following table shows the usual dosages of drugs currently used 


i i ded by the International 
in tuberculosis chemotherapy, as recommen : 
Union against Tuberculosis (IUAT) and by the American Thoracic 


Society (ATS). 


ee ea 


IUAT * ATS” 
Twice- 
Daily dose Twice- Daily 
om for body weight: weekly dose = 
=< 50 kg > 50 kg dose 
5-10 mg/kg 
Isoniazid 300 mg 450 mo 600-900 mg up to 300 mg 15 mg/kg 
15-20 mg/kg k 
Streptomycin 1.0 1.09 25-30 mg/kg 
(i.m. injection) 0.75 g v ott de Q 
mg/kg a4 
PAS 10g 129 12-159 up to 12.0 9 
Thioacetazone 150 mg 150 mg _ a F -i5 
mg/kg e 
Rifampicin 450 mg 600 mg 600 mg up to 600 mg 
Ethambutol 1 200 mg 1500 mg 2400 mg 15-25 mg/kg 50 mg/kg 
15-30 mg/kg oe 
Pyrazinamide 1500 mg 2000 mg 3 000 mg up to 2.09 
15-30 mg/kg ra 
Ethionamide 500 mg 750 mg _ up to 1.09 
10-20 mg/kg ae 
Cycloserine 750 mg 1000 mg — up to 1.09 
Kanamycin _ 15-30 mg/kg . 
(i.m. injection) 750 mg 1 000 mg up to 1.09 
Capreomycin = 15-30 mg/kg << 
(i.m. injection) 750 mg 1000 mg up to 1.0g 
Viomycin > 15-30 mg/kg 
(i.m. Injection) 750 mg 1000 mg up to 1.09 


eS 


@ International Union against Tuberculosis, Recommendations of the Committee for 
Chemotherapy, adopted 19 September 1975 at the 23rd International Conference, Mexico (1). 


> American Thoracic Society, Medical Section of the American Lung Association, Official 
Statement, 1977 (2). 
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What are the standard regimens currently used ? 


Since the term is often used in a rather conventional way, it might be 
useful to attempt to define, or at least describe, the requirements of a 
standard regimen of chemotherapy. 

The main characteristics of a standard chemotherapeutic regimen are : 


(1) a well-defined combination of drugs, regularly administered in a 
certain dosage and rhythm (daily or intermittently) for a sufficient time : 
(2) high efficacy and acceptability proved by well-conducted controlled 
trials ; and 

(3) applicability on a community-wide scale. 


The efficacy of current standard regimens has been established by 
controlled therapeutic studies undertaken during the last three decades. 
The rate of favourable bacteriological response (sputum conversion, 
bacteriological quiescence achieved at the end of treatment) was found 
to be about 90%, generally more, the relapse rate after the termination 
of treatment being 10% or less. 


The WHO Expert Committee on Tuberculosis (/), and more recently 
the International Union against Tuberculosis (IUAT) (2), issued recom- 
mendations on chemotherapeutic regimens to help health authorities to 
formulate technical policies for tuberculosis treatment programmes. 
Since health resources are limited in most countries, the choice of regimens 
is largely determined by the cost of drugs and by the accessibility and 
organizational capacity of the health services. 


The drugs usually contained in standard regimens are isoniazid with 
or without streptomycin, accompanied by PAS or thioacetazone (Table 1). 
With these drugs, highly effective and relatively inexpensive regimens can 
be formed. Where resources permit, rifampicin and ethambutol are 
included (Table 2). The minimum duration of treatment—which must 
not be interrupted—is 12 months, including an initial intensive phase 
of daily chemotherapy for 1-3 months, as recommended by IUAT (2) ° 
(see ““ What are two-phase chemotherapy and the so-called 100% regi- 
mens ? ’’—page 130 ; “ What is the purpose of the initial intensive phase 
of two-phase chemotherapy ? ”—page 145 ; and “ When is a two-phase 
regimen indicated ? ’—page 151). 


@ All the regimens shown in Tables 1 and 2 are included in the recommendations of 
the IUAT Caimenittes on Treatment (2), adopted at the 23rd International Tuber- 
culosis Conference, Mexico, 1975. For dosages, see “ What is the dosage of 


drugs...?’’—page 112). 
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Table 1 
Regimens of 12 months’ duration not containing rifampicin (2) 


Initial phase Continuation phase 
(1-3 months) (up to 12 months) 
ere 
Rhythm of . Rhythm of 
Drugs * Se relia Drugs administration 
dail INH + SM twice weekly 
apa, eM + PAS t INH + PAS twice weekly 
INH + PAS dally 
M+ TH dail INH + SM twice weekly 
part eM + : INH + TH daily 


* INH = Isoniazid; SM = stre tomycin; PAS = p-aminosalicylic acid; TH = thioacetazone 
(for dosages, see What Is the dosage of drugs... 7? '"'—page 112). 


In many areas where it is not possible to organize twice-weekly 
supervised treatment or daily injections, daily self-administered oral 
regimens (isoniazid plus PAS or isoniazid plus thioacetazone) are the 
second choice. However, in direct-smear-positive patients, that course 
should be taken only after every effort has been made to provide initial 
intensive treatment for at least 4 weeks. In countries where thioacetazone 
is not used or where PAS is less well tolerated, these drugs have been 
replaced by ethambutol, which, however, is far more expensive (see 
Table 2). 


Table 2 


Twelve-month regimens containing rifampicin (RIF) 
and ethambutol (EMB) (2) 


ee | TT 


Initial phase Continuation phase 
(1-3 months) (up to 12 months) 
Jes: a 
P Rhythm of Rhythm of 
Drugs administration Drugs * aden iatreatia 
i 
INH + RIF + EMB daily INH + RIF daily 
INH + RIF twice weekly 
INH + EMB daily 
INH + SM + RIF dally INH + RIF daily 
INH + RIF twice weekly 
INH + SM twice weekly 
INH + SM + EMB daily INH + EMB daily 
INH + SM twice weekly 


* For dosages, see '' What is the dosage of drugs ... . ? ''—page 112. 


Regimens containing rifampicin and ethambutol (Table 2) 


More recently, two-phase regimens containing rifampicin and etham- 
butol in addition to isoniazid or streptomycin have been found to be 
highly effective, even when given for less than 12 months. However, 
the high cost of rifampicin has so far impeded the widespread use of 
such regimens, particularly in the developing countries. 
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Short-course regimens lasting 6-9 months 


These regimens have been studied in a series of controlled trials (see 
“ How effective is short-course chemotherapy... ?”— page 183). 
Though the results of these trials have been highly promising, further 
studies are being carried out with the aim of establishing regimens of 
minimum duration that are as effective as the long-term standard 
regimens, easier to apply, more acceptable, and inexpensive. 


Reserve regimens 


Standard reserve regimens for the re-treatment of patients with drug 
resistant organisms are discussed under ‘‘ What reserve regimens are 
available... ?’°—page 163. 
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What are the merits of thioacetazone as a companion drug 
to isoniazid, and what is the efficacy of the standard regimen 
isoniazid plus thioacetazone ? 


Thioacetazone is one of the oldest known antituberculosis drugs. 
When it was introduced, in the late 1940s, there was, no doubt, good 
evidence of its efficacy. However, owing to the relatively high dosages 
used in those days, side-effects and toxicity were frequent. Thus, when 
isoniazid came on the scene, a few years later, thioacetazone was soon 
forgotten. Only in Germany, where the drug had been discovered, did 
it continue to be used for a while longer. 

In the early 1960s, thioacetazone was re-investigated in a series of 
studies, as a companion drug to isoniazid. The intention was to find an 
alternative drug to PAS, that would equally well prevent the development 
of drug resistance to isoniazid and be less bulky as well as less expensive. 
It took a number of pilot studies to establish the optimum dosage of both 
drugs. The result was the introduction of a regimen containing 150 mg 
of thioacetazone and 300 mg of isoniazid, given in one dose daily.* This 
regimen proved to be as effective as the standard combination of PAS 
and isoniazid. However, the dosage was found to be critical : the results 
were no better for increasing the dose of either drug ; indeed, when the 
dose of thioacetazone was raised, the regimen increased in toxicity. 
When the dose of either drug was lowered, on the other hand, the 
therapeutic efficacy of the regimen dropped immediately (1, 2): 

In a number of developing countries, the regimen has largely replaced 
the isoniazid-PAS regimen because it offers the following advantages : 


1. It is more convenient to the patient because he needs to swallow only 
one tablet a day. 


Be A month’s supply consists of 30 tablets instead of 500 or more (with 
the isoniazid—PAS regimen), and is therefore easier to dispense and store. 


3. It costs only about one-tenth as much as the isoniazid—PAS regimen. 


4. The tablets have good keeping properties. Thioacetazone is stable 
in tropical climates, whereas PAS is liable to deteriorate. 


_ Two standard regimens—150 mg of thioacetazone and 300 mg of 
isoniazid, given together in a single tablet daily, and 10 g of sodium PAS 
with 200 mg of isoniazid, in two doses daily—were compared in controlled 
clinical trials, one carried out in East Africa and the other in South-East 
Asia (Madras) (2, 3). There was no initial intensive phase with either 


* This drug combination may be manufactured and dispensed in a single tablet. 
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regimen. In the East African trial, a favourable response was achieved 
in 83% of patients with the thioacetazone-isoniazid regimen and in 78% 
with the PAS-isoniazid regimen. In the Madras trial, both regimens 
produced a favourable response in 82% of patients. The results of the 
latter study confirmed that thioacetazone with isoniazid and PAS with 
isoniazid—both without an initial intensive phase—produced similar 
results, comparable to those of the East African study. 


Thioacetazone plus isoniazid with an initial supplement of streptomycin 


Since regimens of PAS with isoniazid have been shown to gain from 
an initial supplement of streptomycin (4), several trials were made to 
investigate the influence of a three-drug initial phase on the thioacetazone- 
isoniazid regimen (Table 1). The table shows that an initial supplement 
of streptomycin improved the results, the effectiveness of the regimen 
increasing with the duration of the initial Streptomycin treatment. 
However, 4 and 8 weeks of streptomycin gave almost the same results. 


Table 1 


Influence of initial daily streptomycin supplements on the thioacetazone (150 mg) 
plus isoniazid (300 mg) regimen __ 
————— 
Duration of daily streptomycin 
supplement (weeks) 


Bacteriological status 
Study at 12 months 
0 2 4 8 
East African/British Medical No. of patients 180 — J 159 
Research Council (5) Favourable status 80% — 92% 
International Union against No. of patients 88 — 118 = 
Tuberculosis (6) Favourable status 82% os 92% — 
East African/British Medical No. of patients 147 161 159 162 
Research Council (7) Favourable status 88% 90% 94% 96% 


Effectiveness of thioacetazone with isoniazid in routine practice 


In Kenya,a valuable comparison was made between the results obtained 
in a trial (5) and in a group of patients treated by the routine tuberculosis 
services. Both groups had received the same regimen—i.e., three drugs 
(300 mg of isoniazid, 150 mg of thioacetazone, and 1 g of streptomycin) 
daily for 2 months and two drugs (150 mg of thioacetazone plus 300 mg 
of isoniazid, in a single tablet) daily for 10 months. Whereas bacterio- 
logical quiescence had been achieved in 96% of patients in the East 
African study at 12 months, the corresponding proportion in the 
“ routine ” group was only 76% (8). It seemed that the trial group had 
gained substantially from the initial supplement of streptomycin, while 
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the routine group did not show any benefit. From an analysis of the 
records it was clear that, in both groups, the results were associated with 
the regularity and duration of treatment after the initial intensive phase. 
Patients who showed gross irregularity and who stopped their treatment 
early did badly ; those who were regular and continued for the full year 
did well. There was considerably more irregularity in the group of 
routinely treated patients than in the trial group. Irregularity in the 
continuation phase may nullify the benefits of an initial intensive phase. 
As long as a high level of regularity cannot be ensured, even first-rate 
regimens will produce inferior results. 
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What is the frequency of adverse reactions against thio- 
acetazone, and what is the geographical distribution of 
natural resistance to the drug ? 


There have been conflicting reports from various parts of the world 
of toxic manifestations due to thioacetazone. Since a dose of 150 mg 
proved to be safe in the East African trials (J) (see ** What are the merits 
of thioacetazone .. . ?”’—page 116), a large-scale trial was undertaken to 
ascertain the incidence and type of thioacetazone toxicity in other parts 
of the world. The investigation involved about 2000 patients from 
13 countries of Africa, the Eastern Mediterranean, Europe, South-East 
Asia, and the Western Pacific. 

The side-effects of two regimens—streptomycin with thioacetazone 
and isoniazid, and streptomycin with isoniazid (control group)—were 
compared (Table 1). For that purpose the isoniazid tablets with and 


Table 1 


International thioacetazone side-effect investigation (2). 
Incidence of various side-effects 
(1002 thioacetazone patients and 987 control patients) @ 


ee ee 


Patients with side-effects 


Side-effect 
thioacetazone control 
% % 

a 
Gastric 

nausea/abdominal discomfort 4.0 1.6 

vomiting 4.3 0.5 

jaundice/hepatitis 0.2 0.3 
Cutaneous 

flushing/itching 1.3 0.5 

rash 3.9 1.0 
Vestibular 

dizziness/giddiness 9.6 2.9 

vertigo/ataxia 2.3 0.7 

tinnitus/deafness 1.1 0.0 
Other 

agranulocytosis 0.2 0.0 

miscellaneous 3.9 2.1 


* After Miller et al. (5). 


without thioacetazone had been specially manufactured so that they had 
the same appearance and taste. Thus the trial could be conducted as a 
double-blind controlled study (see “* What are the principles and require- 
ments of a controlled chemotherapy trial ?”’—page 226). 
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There was some evidence that streptomycin partly contributed to 
some of the cutaneous, and particularly to the vestibular, side-effects, 
and that the thioacetazone only intensified them. The incidence of side- 
effects as a result of which treatment had to be stopped was 3.4% for the 
regimen containing thioacetazone and 0.9% for the control regimen. 
It was concluded from these figures that the average incidence of side- 
effects from thioacetazone is relatively low and acceptable if the drug is 
considered as an alternative to PAS. 

The study also indicated regional differences in the frequency of 
toxicity. This seemed to be particularly high in the Chinese population 
of Hong Kong, as was later confirmed by further studies conducted in 
Hong Kong (3) and in Singapore (4). In the latter study, the investigator 
suggested that thioacetazone might be too toxic for large-scale use in the 
population of Singapore, whether Chinese, Malay, or Indian. The 
regional differences in thioacetazone toxicity may be due to: 


|. differences in the intensity of observation and in the interpretation of 
what should be regarded as side-effects ; 

> environmental factors, such as diet, physical activity, and exposure 
to sunlight ; 

3. the total exposure of the various study populations to other medic- 
aments ; and 

4. genetic factors. 


The epidemiology of thioacetazone side-effects is of great interest and 
is being investigated further. 

Additives, such as vitamin B complex and antihistamines—widely 
used in some parts of Asia—do not prevent such side-effects, as a large- 
scale investigation has demonstrated (5). They are therefore regarded as 
valueless, besides adding to the cost of chemotherapy and impairing the 
keeping properties of isoniazid-thioacetazone tablets. 


Natural thioacetazone resistance 


In some countries where neither thioacetazone nor ethionamide 
(which may cause cross-resistance to each other) has ever been used, 
varying proportions of strains have shown reduced sensitivity to thio- 
acetazone. Thus, natural resistance was found to be high in Madras, 
moderately high in Hong Kong, and fairly low in East Africa * and the 


2 In some areas of Africa, a naturally thioacetazone-resistant mycobacterial 
strain of a type termed M. africanum ‘vas found (8). This strain occurred in the 
sputum of some 60-80% of patients in Cameroon, Ghana, and Rwanda, and 33-40% 
of those in Mali and Senegal. Regarding susceptibility to thioacetazone, M. afri- 
canum is not a homologous entity, and varying proportions of strains have been 
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United Kingdom. A slight association between pre-treatment sensitivity 
and the response to treatment with thioacetazone plus isoniazid was found 
in East Africa and in Madras, but none in Hong Kong. A favourable 
response was observed in 74% of patients in Hong Kong, 82% in Madras, 
and 86% in East Africa (6). In any case, there is evidence that thio- 
acetazone toxicity and the efficacy of thioacetazone plus isoniazid vary 
in different parts of the world. For that reason, the WHO Expert 
Committee on Tuberculosis recommended in its eighth report (7) that 


*... Whenever it is decided to use isoniazid plus thioacetazone on a wide scale 
in a community for the first time, it is essential first to undertake a careful investiga- 
tion of the efficacy and toxicity of the regimen in an adequate sample of cases (7).” 


That recommendation is still valid. 
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What were the main findings of the Madras study comparing 
home and sanatorium treatment ? ° 


Objectives of the trial 


The study was designed to yield information on the relative merits 
of home and sanatorium treatment with chemotherapy for 12 months. 
In principle, it was concerned with the effect of physical activity, diet, 
and accommodation on the outcome of treatment in terms of radiographic 
and bacteriological response. The problem of infectivity of patients 
treated at home, i.e., the frequency of disease in close family contacts, 
was of particular interest. 


Study population 


Persons living in Madras City, up to about 8 km from the Tuberculosis 
Chemotherapy Centre,” who were over 12 years of age, had had a sputum 
smear and/or culture positive for tubercle bacilli, and had received no 
previous tuberculosis chemotherapy (or for not longer than 2 weeks), 
were eligible. Most patients had far advanced cavitary disease. Those 
with tubercle bacilli resistant to isoniazid or PAS, or with serious 
concomitant disease such as leprosy or diabetes, or in need of emergency 
medical action, or known to be pregnant, were excluded. 

Almost all the patients lived in the poorest section of Madras—a city 
with about 2 million inhabitants, situated in a humid, hot, tiring climate. 


Drug regimen 


Every patient admitted to the study received isoniazid and PAS 
(sodium salt). The drugs were supplied mixed, in powdered form, in 
cachets—each cachet containing 25 mg of isoniazid and 1.25 g of PAS. 
Each patient received 3-4 cachets twice a day, according to body weight, 
i.e., a total daily dose of 150-200 mg of isoniazid and 7.5-10 g of PAS. 
Most patients took 6-7 cachets a day. 


Home treatment 


Patients allocated to home treatment were supposed to take their 
drugs at home and were expected to attend the centre once a week to 
collect a weekly supply of medicine. In addition, they were visited by a 


: me of its crucial importance, this trial is described in some detail. 
e Tuberculosis Chemotherapy Centre, Madras, was a joint j 
, ; research project 
pe the Indian Medical Research Council, the British Medical Resekiell Eiiinedl, the 
overnment of Madras State (Tamil Nadu), and the World Health Organization. 
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health visitor and on certain occasions a “ surprise ’’ specimen of urine 
was collected for a test check of whether the patient was taking the 
medicine as prescribed. 

Patients’ families received a free supply of milk powder monthly. 


Sanatorium treatment 


Patients allocated to treatment in a sanatorium were admitted with a 
minimum of delay (within a week of the allocation of treatment) to the 
main sanatorium for Madras State (Tamil Nadu), which was well staffed 
and had complete diagnostic and nursing facilities. In addition, every 
patient was seen weekly by the medical staff of the centre, by a health 
visitor, and by a social worker. 


Physical activity 


Patients admitted to the sanatorium remained in bed (with bed-pan 
facilities) for 3-4 months. After that period, they were allowed to be up 
for 2 and later for 4 hours daily. After 6 months, those considered to be 
sufficiently fit were permitted to go home once a month, but had to be 
back the same evening. 

Patients admitted to home treatment were advised to take rest and 
to return gradually to their previous physical activity or work only when 
medically fit. However, most of them were ambulant much of the time. 
Particularly female patients were not able to restrict their usual work at 
home, and many male patients returned to work well before they could 
be considered as fit ; some refused to stop work at all. Those who had 
no regular jobs usually went for long walks. 

At least once a week the home patients had to travel to the centre 
—a distance of up to 8 km each way, usually on foot because they could 
not afford fares. 

The majority of the male patients were craftsmen, unskilled labourers, 
domestic servants, or vendors, and they usually had to work very long 
hours in tropical conditions. 


Diet 


The patients in the sanatorium received a rich diet in terms of calories, 
fats, and proteins (including animal proteins), minerals, and vitamins (/). 

The diet of home patients was inferior. For example only 8% of them 
had a daily intake of 30 g or more animal protein, whereas all sanatorium 
patients had such an intake. 

The difference in the diet is magnified by the fact that the home 
patients had much less rest and soon resumed their previous activities. 
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Accommodation 

Whereas sanatorium patients were treated in airy, well-ventilated, 
clean wards, the great majority of home patients lived in overcrowded 
conditions with a floor space of less than 4.5 m? per person. 


Allocation of treatment 


The allocation was based on random sampling numbers. For every 
patient eligible for the trial, a sealed envelope was opened, the random 
number on a slip inside it being decoded by the centre’s statistical unit 
(see “‘ What are the principles and requirements of a controlled chemo- 
therapy trial ? ”"—page 226). 

Neither the centre’s staff (medical and nonmedical) nor anyone else 
had prior knowledge of the treatment that any patient was to receive. 

However, in spite of randomization, the patients treated at home— 
especially females—were at a certain disadvantage with respect to the 
severity of the disease—i.e., the radiological extent of cavitation, lung 
involvement, and the bacterial content of sputum. 


Results and conclusions 


Clinical response. There were 3 deaths from tuberculosis : 2 patients 
treated in the sanatorium and one treated at home. (One death not due 
to tuberculosis—the result of electrocution at work—occurred in a home 
patient.) 

The sanatorium patients had gained more weight and shown a greater 
reduction in the erythrocyte sedimentation rate than those treated at home. 

Radiological response. Radiological progress in terms of reduced 
cavity’size or cavity closure was similar in both groups. When patients 
with corresponding pretreatment lesions were compared, progress in the 
two series showed an even closer similarity. 

Bacteriological response. There was rapid bacteriological progress in 
both groups (Table 1, Fig. 1). The decline of sputum positivity occurred 
at almost the same speed in home and sanatorium patients. At 4 months 


Table 1 


Sputum conversion (all cultures negative) at 2-month intervals, 
in home and sanatorium patients (2) 


Home Sanatorium 
Months patients patients 

(%) (%) 

2 45 49 

4 89 93 

6 91 96 

: : : 
92 95 

12 90 92 
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Fig. 1 


Sputum conversion in patients treated at home or In a sanatorium 
(multiple culture-negative specimens) 


Culture negative 


WHO 77739 
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already, about 90% had achieved sputum conversion—i.e., multiple 
specimens examined monthly were negative on culture. Though some 
individual changes occurred later, the high level of sputum conversion 
was maintained until the end of 12 months of treatment. 

Quiescence of disease and relapses. The assessment of quiescence of 
the disease was based on very stringent criteria—i.e., 7-9 cultures 
examined during the last 3 months should all be negative. In 75 (92%) 
of 81 sanatorium patients and 71 (86%) of 82 home patients, the disease 
was Classified as quiescent (Table 2) (2). 


Table 2 


Quiescence of disease at 1 year in patients treated by chemotherapy at home 
or in sanatorium (2) 


Qulescence at 1 year 


Place of treatment No. of patients 
No. % 


Home 82 71 
Sanatorium 81 
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The frequency of bacteriological relapse was studied in 126 patients 
whose disease was quiescent after one year of chemotherapy (3); 
69 sanatorium patients and 57 home patients could be followed up for 
up to 5 years (Table 3). During that observation period, 11 relapses 


Table 3 


Relapses in 126 patients with quiescent disease after 1 year of chemotherapy 
in a sanatorium or at home and followed up for a further 4 years (3) 


a mamma 


Status Home Sanatorium Total 
nen Es a 
Quiescent 57 69 126 
Relapsed 
in 2nd year 2 6 8 
in 3-Sth years 2 1 3 
re 
Total relapsed 4 7 11 
% (7) (10) 


eS EEE 


occurred : 7 (10%) in the sanatorium patients and 4 (7%) in the home 
patients. Thus the small differences observed at one year (see preceding 
paragraph) were levelling out. Of the 11 patients who relapsed, 8 did so 
in the second year. 


Risk to family contacts 


The close family contacts of the patients admitted to the study were 
carefully followed up for 5 years. The main study of the attack-rate (4, 5) 
was undertaken in families whose only infectious member was the index 
case. In this way a straight comparison could be made between the 
‘* sanatorium ” family contacts (whose infectious index case was isolated 
for a year in sanatorium) and the “‘ home” contacts (who remained 
exposed to their index case, living with him in the same household 
throughout the year of chemotherapy). In addition, both contact groups 
were equally exposed to the risks of the general urban environment of 
Madras. 

All contacts who had radiographic lesions suggesting tuberculosis 
were excluded ; the rest were subdivided into tuberculin nonreactors and 
reactors (0-4 mm and > 5 mm induration, respectively, to 5 TU of 
tuberculin given intradermally). 

As Table 4 shows, the frequency of disease in the nonreactor group 
was almost equal in the home contacts and in the sanatorium contacts. 
(Among the reactors—a less homogeneous group than the nonreactors— 
the frequency of disease was higher in the sanatorium contacts.) 
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Table 4 


Frequency of tuberculosis in family contacts of patients 
treated at home or in a sanatorium by chemotherapy (5) 


: Cases occurring Total cases 
Initial Contact No. of in observation year: in 5-year period 
tuberculin group persons 
status at risk 
1 2 214055 No. % 
Nonreactors home 86 , @ ¢( oe y 10.5 
sanatorium 87 7 t 2=20 10 11.5 
Reactors home 159 oS 4 5@) “en 15 9.4 
sanatorium 177 i 4A 2 7s 28 15.8 


en 


Another important finding was that most of the contacts who developed 
disease during the first year of observation did so within the first 3 months, 
irrespective of whether the index case was treated at home or in sana- 
torium. This was a strong indication that these contacts were probably 
in the incubation period of disease when first examined—i.e., it is very 
likely that they had already been infected before the index case was 
discovered and treated. 


Cooperation of the patients 


in spite of a very active welfare service for the patients and their 
families, 12 of the sanatorium patients discharged themselves from 
treatment, 4 being readmitted later. Only one of the patients treated at 
home was lost through self-discharge. 

With regard to the regularity of drug intake, it was found that 
sanatorium patients also, occasionally or during certain periods, did not 
ingest the prescribed medicaments. This may be because sanatorium 
supervision was not always sufficient to ensure that every patient actually 
took every dose. 


Social problems 


A careful social record was kept for each family. Major problems 
arose in 8 families of home patients, whereas they arose in 20 families 
of sanatorium patients. Furthermore, the difficulties were usually more 
serious in the latter and mostly resulted in disruption of the family. 


Summary of findings 
A controlled clinical trial was carried out to compare the effect of 


12 months of chemotherapy in two groups of patients: one group treated 
under good conditions in a sanatorium, the other under poor conditions 


at home. 
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The results in the former, despite good accommodation, nursing, 
rich diet, and prolonged bed-rest, were not superior to those in patients 
treated in overcrowded homes, who had a poor diet, much less rest, and 
often very long working hours. 

Radiographic changes, such as the reduction of cavity size and cavity 
closure, were very similar in both groups, particularly when patients with 
similar pretreatment lesions were compared. 

Also bacteriological response, such as reduction in the bacterial 
content of sputum, or sputum conversion, occurred to the same extent 
and at almost the same speed in the two groups. 

After about 4 months, around 90% of the home and sanatorium 
patients yielded multiple specimens all negative by culture, and this level 
was maintained throughout the rest of the treatment year. © 

Regarding quiescence of the disease at one year and relapses in the 
subsequent 4 years, the results showed little difference, if any, between 
home and sanatorium patients. Thus sanatorium treatment did not 
reduce the likelihood of relapse. 

The risk to close family contacts was studied for 5 years, particularly 
in initial nonreactors to tuberculin. There was no difference in the inci- 
dence of disease between the contacts of patients treated at home and 
those of sanatorium patients, and exposure to the index case under 
effective chemotherapy appeared to present no major risk to contacts. 
Thus domiciliary treatment did not entail any special danger that might 
have been prevented by sanatorium treatment. 

The study indicated that the major risk to contacts lay in exposure to 
the infectious index case before diagnosis was made and treatment 
initiated. At that point, all the harm the index case could do to his 
contacts had already been done, so that subsequent isolation in a 
sanatorium would have been of little benefit. 

Sanatorium treatment has the disadvantage that it demands excep- 
tional sacrifices from patients (it is difficult to keep a patient in the sana- 
torium, separated from his family for a whole year, and to make him 
observe the strict bed-rest regimen and the sanatorium discipline in 
general). Indeed, in this study, 12 patients discharged themselves from 
treatment (though 4 could be readmitted) against | self-discharge in home 
patients. 

Furthermore, the study showed that treatment in a sanatorium is no 
safeguard against irregularity of drug-taking unless the patient is seen 
to swallow every dose. 


A serious social disadvantage of sanatorium treatment was its 
disruptive effect on family life. 

It was this study that determined the dramatic switch from institutional 
to ambulatory treatment as a general policy (see ‘‘ What were the main 
landmarks in the development of tuberculosis chemotherapy ? ”’—page 75 
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and “ What is the place of sanatorium and hospital treatment today... .?” 
—page 217). 
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What are two-phase chemotherapy and the so-called 
100 % regimens ? 


The concept of two-phase chemotherapy was arrived at on the basis 
of theoretical considerations, empirically and experimentally discovered 
facts, and technical and operational requirements for meeting patients’ 
needs (/-3). 

It was observed shortly after the introduction of chemotherapy for 
tuberculosis that daily treatment with three-drug regimens of isoniazid, 
streptomycin, and PAS had a success rate approaching 100% (2, 4). 
However, it was soon questioned, first, whether it was necessary to 
administer all three drugs for the whole duration of treatment, since 
bacterial conversion was usually achieved during the first few months ; 
and, secondly, whether—after that point had been reached—two drugs, 
or even one, would not suffice to maintain or accomplish the therapeutic 
effect. Thus, a course of chemotherapy would consist of two successive 
parts : an aggressive or intensive regimen would be given at the outset, 
followed by a less aggressive regimen during the continuation phase. 
In the former phase, a very potent regimen of two or, better, three drugs 
would be given daily. In the latter, a less potent regimen could be 
administered daily or intermittently. An important aspect was that the 
patient needed to take fewer drugs, and therefore the risk of toxicity 
would be lowered. Moreover, staff time and costs could be substantially 
reduced if an oral drug regimen could be prescribed for self-adminis- 
tration in the continuation phase. 

Plenty of clinical and experimental information about the high efficacy 
of two-phase chemotherapy is now available. The two-phase regimens 
most frequently used at present are shown in Table 1. Usually, in the 
intensive phase, three drugs are given daily ; in the continuation phase, 
two drugs are administered daily or intermittently for the rest of the 


Table 1 
Two-phase chemotherapy: the «100% regimens» of primary chemotherapy ® (5) 


Initial intensive phase Continuation phase 
Sf. 1. PAS + isoniazid daily 
streptomycin + PAS + isoniazid < 2. streptomycin + isoniazid \ twice 
3. PAS + isoniazid weekly 
streptomycin + thioacetazone + 1, thiocetazone + Isoniazid _— daily 
isoniazid 
2 


. streptomycin + isoniazid { weey 


* In these regimens, PAS or thioacetazone may be replaced by ethambutol. 
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planned period. All the regimens shown in the table are capable of 
achieving 100% success after 12 months in patients with newly diagnosed 
tuberculosis and a regular drug intake. PAS or thioacetazone may be 
replaced by ethambutol. Another, equally effective two-phase regimen 
consists of streptomycin plus isoniazid daily in the intensive phase, the 
same drugs being administered twice weekly in the continuation phase. 
Instead of streptomycin, rifampicin may be given with isoniazid daily in 
the intensive phase and twice weekly in the second phase. This regimen 
has the advantage of being an entirely oral regimen ; however, the high 
cost of rifampicin and concern that it might be toxic when given inter- 
mittently have so far limited its use even in technically advanced countries. 

Controlled trials of once-weekly continuation regimens of strepto- 
mycin and isoniazid or an oral regimen of isoniazid and PAS twice weekly 
in the continuation phase have yielded promising results and are being 
investigated further (see “‘ What is intermittent chemotherapy ... ? ”— 
page 132 and “ What was the efficacy of primary intermittent chemo- 
therapy ... ? °—page 137). 

Even a single drug—isoniazid—given daily in the continuation phase 
(after streptomycin plus isoniazid daily for 6 months) was highly effective 
in a controlled trial in Singapore (6). Among 114 patients so treated, 
only one was a bacteriological failure, and no relapse occurred within 
3 years of follow-up. For further information, the reader is referred to : 
“ What is the purpose of the initial intensive phase ... ?”’—page 145; 
“ What is the optimum duration of the initial intensive phase ... ? ”— 
page 156 ; and “ When is a two-phase regimen indicated ? ’—page 151. 
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What is intermittent chemotherapy and what is 
the scientific basis for intermittency ? 


Intermittent regimens are those in which the individual drug doses 
are given at intervals of more than one day—e.g., once or twice weekly. 

Originally it was believed that antituberculosis drugs needed to be 
given every day in one or in several doses in order to maintain drug 
concentrations in the body continuously at inhibitory levels. However, 
in vitro studies and animal experiments have shown that certain drugs 
were effective also when the drug concentration dropped temporarily 
below that level, and indeed even after they had disappeared from the 
lesion (/) or the medium (2). 

As has already been mentioned (see “* What is the biological mechan- 
ism of chemotherapy ?”’—page 77), in vitro experiments have demon- 
strated that, after a culture of M. tuberculosis had been exposed to certain 
drugs for some time, it took several days (the “ lag period ””) before new 
growth occurred.* Table 1 shows the lag in the growth of M. tuberculosis 
after exposure to certain drugs for varying times. 


Table 1 
Lag In growth of M. tuberculosis after temporary exposure to drugs (2, 3) 


iS 


Lag (days) after exposure for: 


Drug Concentration 

(mg 6h 24h 
OO EEE EEE OL 
Isoniazid 1 0 6-9 
Ethionamide 5 0 10 
Cycloserine 100 0 4-8 
Ethambutol 10 0 4-5 
Pyrazinamide 50 5-40 * 40° 
Streptomycin 5 8-10 8-10 
Rifampicin 0.2 2-3 2-3 
Thloacetazone 10 0 0 
Tlocarlide 10 0 0 


* Depending on the pH of the medium (6.2-5.6). 


Thioacetazone and tiocarlide did not produce any lag, even after 
exposure of 24h or more.” Immediately after these two drugs had been 


@ After exposure, the drug was always thoro 
the colonies were reinoculated into a ditia fies Str tm iia out of the culture and 


> Up to 96 h. Within this exposure time, all drugs achieved the maximum lag. 
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removed from the culture medium, growth started again. This suggests 
that both drugs are unsuitable for intermittent chemotherapy, which was 
indeed confirmed by animal experiments. 

The drugs listed in the upper part of the table have all been found to 
be bactericidal in vitro. However, for each drug there was a maximum 
lag (last column) that seems to indicate the practical limit beyond which 
the interval between two doses should not be extended. Animal studies 
(4, 5) showed conclusively that, the longer the chosen interval between 
doses, the higher the doses of most of the drugs needed to be. Thus, 
with high doses of isoniazid, a 3-day interval was shown to be the 
optimum, whereas an extension to 8 days gave significantly worse results, 

Though experimental findings cannot be mechanically transferred to 
man, these results were promising enough to be explored in clinical 
studies.* A controlled clinical trial was therefore undertaken at the 
Tuberculosis Chemotherapy Centre, Madras (6). 

A standard oral regimen of 100 mg of isoniazid plus 5 g of sodium 
PAS twice daily was compared with a twice-weekly regimen of | g of 
streptomycin given by intramuscular injection plus 14 mg of isoniazid 
per kg of body weight, given orally in a single dose. Both regimens were 
given to ambulatory patients at random. The oral regimen was dispensed 
for self-administration. For the intermittent regimens, the patients had 
to attend the clinic on two days a week at 34-day intervals. The 
treatment was fully supervised—i.e., each patient had first to take his 
isoniazid tablets in the presence of the staff (who checked that the tablets 
actually had been swallowed), and then received the injection of strepto- 
mycin. The results at 12 months are shown in Table 2. 


Table 2 


Comparison of results at the end of 12 months’ treatment with streptomycin (S) 
and isoniazid (H) twice weekly and with PAS (P) and H daily (6) 


SH PH ; 
Status of disease twice weekly * daily 
No. % No. % 
Bacteriologically quiescent 68 94 56 a 
Bacteriologically active 2 2 9 7 
(Death from tuberculosis) 2 3 1 


EEE ae 


Total patients 72 100 66 100 
SE ee 
* SH: streptomycin, 1 g I.m. + Isoniazid, 14 mg/kg body weight. 
° Pa sade PAS, 10 g + isoniazid, 200 mg, daily, divided into two equal doses. 


i i i i lier, had 
6 trials of intermittent regimens, carried out about 10 years earlier, 
not Siar vocy oascadatt owing to the use of inadequate dosages and drug combinations. 
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The intermittent regimen was highly successful and perhaps slightly 
more effective than the daily regimen. The potency of intermittent 
chemotherapy is all the more striking as most of the patients admitted 
to the study had extensive, bilateral cavitated disease with sputum 
heavily positive by direct smear. That was a feature common to all the 
Madras studies, in which the patients had much more severe disease 
than is generally found nowadays in technically advanced countries. The 
relapse rates in a 2-year period were 8% for the twice-weekly and 12% 
for the daily regimen ; after 4 years, they were 12% and 15%, respectively. 
In 4 out of 5 patients who relapsed on the intermittent regimen, the bacilli 
were susceptible to both isoniazid and streptomycin. This suggests that, 
had there been an intensive phase at the start of treatment, the susceptible 
bacilli would probably have been eliminated. 

In another study, the possibility of increasing the interval between 
doses to one week was investigated. This study, also, was undertaken 
in outpatients in Madras. Four intermittent regimens were studied 
concurrently, but, for the sake of simplification, only the two regimens 
described below will be analysed here (for the results of the complete 
study, see ‘‘ What was the efficacy of primary intermittent chemo- 
therapy ... ?”’—page 137). 

The regimen consisting of streptomycin plus isoniazid twice weekly 
—SH(TW)—was compared with streptomycin plus isoniazid once 
weekly—SH (OW). The dosage was the same for both regimens : 1.0 or 
0.75 g of streptomycin plus 15 mg of isoniazid per kg of body weight. 
All the patients received 6 mg of pyridoxine with every dose of isoniazid 
(incorporated in the isoniazid tablets) in order to prevent possible neuro- 
toxicity owing to the high dosage of isoniazid. The effect of a lower dose 
(0.75 g) of streptomycin was studied because it seemed likely that the 
smaller dose would be sufficient and better tolerated, particularly by 
debilitated or elderly patients, than the usual 1-g dose. The results of 
12 months of treatment are summarized in Table 3. 


Table 3 


Comparison of results at the end of 12 months’ treatment with streptomycin (S) 
and isoniazid (H) twice weekly and once weekly (7) 


SH SH 
Status of disease twice weekly * once weekly * 
ice I 

No. x No. % 
Bacterlologically quiescent 107 91 82 71 
Bacteriologically active 9 8 30 26 
(Death from tuberculosis) 1 1 3 3 
Total patients 117 100 115 « 100 


* SH: streptomycin, 1 g i.m. + Isoniazid, 15 mg/kg body welght. 
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Again, the twice-weekly regimen proved to be highly successful and 
the once-weekly regimen considerably less effective. Nevertheless, it was 
rather impressive that, despite severe disease, 71% of patients on the 
latter regimen still achieved bacteriological quiescence.* 

The reasons for the inferiority of the once-weekly regimen were 
examined and the findings were both interesting and important. In the 
analysis, the patients were grouped according to the rate of inactivation 
of isoniazid (see ‘‘ What is rapid inactivation (acetylation) of isoni- 
azid... ?””—page 148) and the dosage of streptomycin. 

Table 4 shows that the twice-weekly regimen is influenced neither by 
the inactivation rate of isoniazid nor by a 25% reduction in the dosage 
of streptomycin. In contrast, the once-weekly regimen was clearly 
affected by the rate of isoniazid inactivation and, to a lesser extent, also 
by the reduction in the streptomycin dosage. The twice-weekly regimen 
can therefore be regarded as both robust and effective, even without an 
initial intensive phase. 


Table 4 


Streptomycin plus isoniazid twice weekly — SH (TW) — compared with streptomycin 
plus isoniazid once weekly — SH (OW); according to the rate of inactivation of 
isoniazid and the dosage of streptomycin (7) 


Patients with quiescent disease at 1 year (%) 


Regimen isoniazid inactivation rate streptomycin dosage 
slow rapid 1g 0.75 g 
SH (TW) 91 91 91 92 
SH (OW) 82 60 76 62 


The isoniazid inactivation rate influenced also the response to other 
once-weekly regimens concurrently investigated (see ‘“‘ What was the 
efficacy of primary intermittent chemotherapy ...?”—page 137). This 
indicates that, when the interval between doses is extended to one week, 
intermittency reaches its practical limit of effectiveness. In order to 
achieve a sufficiently long lag, the length of exposure to isoniazid at a 
bactericidal concentration would have to be increased, necessitating an 
additional increase in the individual dosage of isoniazid. Unfortunately, 
the dosage cannot be increased further because of the risk of acute 
toxicity. 


@ For the main analysis of the complete study, the results had to be statistically 
standardized. Only the patients who could be compared with regard to all requirements 
stated in the protocol were included. Corisequently, the once-weekly regimen was 
found to be effective in only 68%. 
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Methods of compensating for the difference between slow and rapid 
inactivators are under investigation. The most promising approach so 
far seems to be the development of a slow-release preparation of isoniazid 
that would prolong absorption from the gastrointestinal tract and 
excretion of the drug. In any case, intermittent regimens, especially 
those administered once weekly, would benefit from an intensive phase 
for several weeks. However, the feasibility of extending the interval 
between doses to more than one week is at present viewed with scepti- 
cism (8) (see also “* What was the efficacy of primary intermittent chemo- 
therapy ... ?”’—page 137). 

Previously, a regimen of streptomycin twice weekly plus isoniazid 
daily was widely used, disregarding the findings of a controlled trial that 


this regimen frequently results in failure owing to the emergence of 
isoniazid resistance (9). This regimen should never be used. 
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What was the efficacy of primary’ intermittent 
chemotherapy in controlled clinical studies ? 


Intermittent chemotherapy twice weekly 


The results of twice-weekly chemotherapeutic regimens, compared 
with those of daily regimens, are shown in Table 1. 

The study conducted at the Tuberculosis Chemotherapy Centre, 
Madras, in 1964 (/) is discussed in greater detail under ‘‘ What is 
intermittent chemotherapy ... ? ”"—page 132). 


Table 1 


Comparison of the results of twice weekly and daily regimens 
for newly diagnosed pulmonary tuberculosis 


—————————————————————— 


Initial Quiescent 
intensive No. of disease 


Study Regimens “ phase patients at 1 year 
(months) ® (%) 
rr 

Tuberculosis Chemotherapy Centre, PH daily 0 72 85 
Madras, 1964 (7) SH twice weekly 66 94 

International Union against Tuber- TH daily 1 134 95 
culosis, 1970 (2) SH twice weekly 95 92 

Lahiou, 1970 (3) EH daily 1 151 88° 

SH weekly twice 167 90° 

Decroix et al., 1971 (4) RH daily 0 39 92 

RH twice weekly 41 88 

Czechoslovak Tuberculosis Service/ PH daily 3 165 99 
WHO/British Medical Research SH twice weekly 233 100 
Council, 1971 (5) 

Czechoslovak Tuberculosis Service/ SH twice weekly 1yY 93 98 
WHO/British Medical Research SH twice weekly 3 100 99 
Council, 1974 (6) 

Devi, 1972 PH daily 155 91 

# SH twice weekly 3 163 98 

Tripathy, 1972 (8) PH dail 83 87 

Tuberculosis Chemotherapy Centre, y % 

Madras, 1973 (9) PH twice weekly 90 


* P=PAS, H=isonlazid, S = streptomycin, T = thioacetazone, E = ethionamide, 
R = rifampicin. 

® Three-drug combination given daily. 

* At 8 months. 


In a cooperative trial organized by the International Union against 
Tuberculosis (2), the effect of 150 mg of thioacetazone plus 300 mg of 
isoniazid given together in a single dose daily was compared with that 
of a high dose (750 mg) of isoniazid plus streptomycin twice weekly in 
the continuation phase, after an initial daily phase of three drugs (isoni- 
azid, thioacetazone, and streptomycin) combined, for one month. Both 
regimens were very effective and yielded similar results. In a subsequent 
study (/0), the International Union against Tuberculosis investigated 


@ Primary chemotherapy is the administration of antituberculosis drugs for the 
first time. 
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whether the addition of PAS or thioacetazone to the twice-weekly 
isoniazid plus streptomycin regimen would improve the success rate. The 
proportions of bacteriologically unsatisfactory results were about the 
same as in the preceding study—i.e., no improvement could be demon- 
strated. al 

In a study (3) undertaken in North Africa (Morocco, Tunisia, and 
Libya), a regimen of 750 mg of ethionamide plus 750 mg of isoniazid 
twice weekly was compared with | g of streptomycin plus 750 mg of 
isoniazid, also twice weekly. The results at 8 months were similar. This 
was the first report on a fully oral regimen. A further study by the same 
author indicated that the intermittent dose of ethionamide might be 
critical, since a 500-mg dose had been shown to be less effective. In the 
initial phase, streptomycin (1 g) plus ethionamide (500 mg) plus isoniazid 
(500 mg) were given daily. 

Decroix et al. (4) found little difference between the daily regimen 
(600 mg of rifampicin and 750 mg of isoniazid) and the twice-weekly 
regimen (900 mg of rifampicin and 750 mg of isoniazid). There was no 
initial intensive phase. The study population was rather small. Other 
authors reported higher success rates. 

The studies conducted jointly by the Czechoslovak Tuberculosis 
Service, the World Health Organization, and the British Medical Research 
Council (5, 6) will be discussed further below. | 

Devi (7) compared isoniazid plus PAS daily with streptomycin plus 
a high dose of isoniazid twice weekly—both after an initial three-drug 
regimen (isoniazid, PAS, and streptomycin) daily for 3 months. The 
regimens were randomly allocated to regular outpatients of a chest clinic 
in Singapore, 90% of whom had moderately or far advanced disease. 
Excluding from assessment patients who had major interruptions of 
treatment or in whom the regimen had to be changed, the results of the 
daily oral regimen came close to those of the intermittent regimen. It 
was concluded that the margin was too small to justify the introduction 
of intermittent regimens as a routine in Singapore. 

Tripathy (8, 9), on behalf of the Tuberculosis Chemotherapy Centre, 
Madras, reported on a controlled comparison of two oral regimens : 
isoniazid plus PAS daily and isoniazid plus PAS twice weekly. All 
patients had an initial phase (2 weeks) of 1 g of streptomycin plus 400 mg 
of isoniazid (in two divided doses) plus 6 g of PAS. The twice-weekly 
regimen consisted of 400-750 mg (15 mg per kg of body weight) of 
isoniazid and 7.5-10 g of PAS; pyridoxine was incorporated into the 
isoniazid tablets as usual. The results were similar for both regimens 
and, considering the severity of the disease,* were very encouraging for 


er. four-fifths of the patients had extensive, bilateral cavitated disease ; 
o had a positive smear from the first specimen of overnight sputum. 
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the intermittent regimen. However, there was a marked difference 
between the two groups in the toxicity of PAS : In the “ intermittent ” 
group, only 6% had toxic reactions to PAS, whereas, in the “ daily ” 
group, the frequency of toxicity was 21%, including one death due to 
agranulocytosis and five patients who had to have their regimens 
changed. The investigators indicated that the effectiveness of the twice- 
weekly regimen was influenced particularly by the size of the initial 
bacterial population, and thought that an extension of the intensive phase 
from 2 to 4 weeks might improve the results. However, that could be 
difficult in areas where patients have to travel long distances. 

The WHO Collaborating Centre for Tuberculosis Chemotherapy, 
Prague (5) reported excellent results from a study of which an important 
feature was the flexibility of the treatment organization. Each patient 
could choose to receive his treatment at the place most convenient to 
him—i.e., a chest clinic, physician’s surgery, factory dispensary, health 
centre, or hospital on the way to work. If necessary, an auxiliary could 
come to the patient’s home. The area was partly rural and had satis- 
factory transport facilities. 

Most of the patients admitted to the study were over 50 years of age. 
However, their disease was on the average less serious than it generally 
is in patients attending chest clinics in developing countries. 

The success of the study was due largely to the excellent cooperation 
of patients, which was achieved by adapting treatment services to 
their convenience. Though the treatment of tuberculosis in Czecho- 
Slovakia is almost entirely the responsibility of a rather dense network of 
specialized tuberculosis services (inpatients and outpatients), the partici- 
pation of nonspecialized health services was of special importance. 
Moreover, the study clearly demonstrated how general health services 
can become increasingly involved in the management of tuberculosis 
patients, and that they are capable of taking over this responsibility from 
the specialized services if necessary. The same applies to all technically 
advanced countries, in which the tuberculosis specialist is leaving the 
scene. This also shows the developing countries that nowadays it is no 
longer necessary to build up a specialized tuberculosis service : the task 
of tuberculosis chemotherapy may be entrusted to the general health 
services as one of their routine duties. . 

More recently, in another study (6), two regimens—streptomycin plus 
isoniazid twice weekly with initial daily phases of two different durations 
(streptomycin plus isoniazid plus PAS for 6 weeks and for 13 weeks)— 
were compared. No appreciable difference between the results obtained 
with these two regimens was demonstrated. Re oehis 

The use of twice-weekly regimens has become widespread in clinical 
practice. The potency of isoniazid plus streptomycin given twice a week 
has been demonstrated, for example in Algeria (//). In a pilot study 
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carried out in field conditions, this regimen was given intermittently, 
either right from the beginning or after a varying period of initial three- 
drug treatment (streptomycin, isoniazid, and PAS). The results were 
favourable and indicated that, when administration can be properly 
supervised, the success rate can be as high as that achieved under the 
conditions of controlled trials. 


Intermittent chemotherapy once weekly 


As already mentioned (see “* What is intermittent chemotherapy ...?” 
—page 132), a series of once-weekly regimens was investigated at the 
Tuberculosis Chemotherapy Centre, Madras (/2). In outpatients with 
newly diagnosed, extensive, bilateral cavitated disease and with sputum 
positive by direct smear, four regimens were studied : 


1. streptomycin plus 15 mg of isoniazid per kg of body weight, twice a 
week (SH (TW)) ; 

2. streptomycin plus 15 mg of isoniazid per kg of body weight, once a 
week (SH (OW)) ; 

3. streptomycin plus 15 mg of isoniazid per kg of body weight, plus a 
high dose (90 mg/kg) of pyrazinamide, once a week ; and 

4. streptomycin plus 400 mg of isoniazid daily for 4 weeks, followed by 
streptomycin plus 15 mg of isoniazid per kg of body weight, once a 
week. 


The twice-weekly regimen was the most effective and the streptomycin 
plus isoniazid once-weekly regimen gave comparatively poor results, 
achieving quiescence in only 68% of patients (Table 2). The addition of 
pyrazinamide as a third drug to the once-weekly regimen SH (OW) made 
little difference. However, an initial daily phase of 4 weeks with strepto- 
mycin produced a substantial improvement. 


Table 2 


Status of patients after 1 year of treatment with twice-weekly (TW) 
and once-weekly (OW) chemotherapeutic regimens (72) 


Proportion Deaths 
Real » No. of of patients from 
egimen patients bacterlologically tuberculosis 
treated quiescent 

(%) (%) 
SH (TW) 06 94 1 
SH (OW) 101 68 1 
SHZ (OW) 101 74 2 
SH/SH (OW) 7 88 0 


* S = streptomycin, H = isoniazid, Z = pyrazinamide. 
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The reasons for the inferiority of the three once-weekly regimens 
became apparent when the patients were grouped according to the rate 
of inactivation of isoniazid (Table 3). The twice-weekly regimen did not 
seem to be greatly impaired by the rapid inactivation of isoniazid : in a 
larger series of patients the figures were practically equal for rapid and 
for slow inactivators (91% and 92%, respectively) (see “* What is rapid 
inactivation (acetylation) of isoniazid ... ? "—page 148). However, in 
all the once-weekly regimens, rapid inactivators were at a considerable 
disadvantage. On the other hand, the introduction of an initial daily 
phase of 4 weeks led to a significant increase of efficacy, particularly in 
slow inactivators, reaching 95%, 


Table 3 


Quiescence of disease at 1 year in slow and rapid inactivators of isoniazid 
given twice-weekly (TW) and once-weekly (OW) chemotherapy 


a eee 


Patients with quiescent disease whose 
Regimen * isoniazid inactivation rate was: 


slow (%) rapid (%) 
SH (TW) 97 91 
SH (OW) 76 56 
SHZ (OW) 87 53 
SH/SH (OW) 95 76 


* S = streptomycin, H = isoniazid, Z = pyrazinamide. 


Attempts had been made to reduce rapid inactivation by adding PAS 
(13) as a third drug to the SH (OW) regimen.” However, neither the 
addition of PAS nor an increase in the isoniazid dose to 17 mg/kg 
improved the results in rapid inactivators. 

The following conclusions may be drawn from the experience gained 
with intermittent chemotherapy without rifampicin. 


1. Twice-weekly regimens containing isoniazid in high dosage (L4= 
15 mg/kg) and streptomycin (0.75-1 g) are highly effective, whether given 
from the outset or after an initial intensive phase of treatment. Their 
efficacy in slow and rapid inactivators of isoniazid is very similar. The 
findings suggest that these regimens can be highly effective in patients 
with extensive disease and in populations with a high frequency of rapid 
inactivators. The twice-weekly regimens described in this chapter are no 
longer experimental, but have proved their value in the primary treatment 
of tuberculosis in routine practice. 


* PAS competes with isoniazid for acetylation by the liver, and thus increases 
indirectly the serum level of isoniazid. 
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2. A once-weekly regimen of isoniazid (15 mg/kg) and streptomycin 
(1 g) after initial daily therapy with isoniazid (400 mg) and streptomycin 
(1 g) given for 4 weeks, approached closely the efficacy of the twice- 
weekly regimen ; however, unlike the latter, it was substantially inferior 
in rapid inactivators. Once-weekly regimens containing rifampicin have 
been studied further in South-East Asia and in Europe. 

In a recently reported controlled trial in Singapore, 481 patients were 
allocated to intermittent regimens administered once or twice weekly (14). 
All received streptomycin with isoniazid and rifampicin daily for the 
first 2 weeks. This initial phase was followed by a continuation phase 
with isoniazid (15 mg per kg of body weight) and rifampicin (600 mg or 
900 mg, at random). The total duration of treatment was 12 or 18 months, 
at random. All patients were positive by direct smear microscopy at 
admission and almost three-quarters of them were rapid acetylators 
(inactivators) of isoniazid (see “ What is rapid inactivation (acetylation) 
of isoniazid ... ?””—page 148). 

There was only one failure (1%) during treatment in the twice-weekly 
group (on 600 mg of rifampicin), but 12 of 202 (6%) in the once-weekly 
group. All 13 (4%) belonged to the 310 rapid acetylators, whereas none of 
the 117 slow acetylators failed within the observation period of 30 months. 

Relapses after chemotherapy occurred in only 2 patients (1 in the 
once-weekly and 1 in the twice-weekly group). Both belonged to the 
12-month series. No relapse occurred in the 18-month series. 

Adverse reactions to rifampicin (see ‘* What is the therapeutic effect 
and what is the toxicity of antituberculosis drugs ? ’’—page 101) were 
relatively frequent in the once-weekly group (14-25%), compared with 
7-11% in the twice-weekly group. Four of the five cases of thrombo- 
cytopenia occurred in the latter group. After rifampicin was terminated, 
all five returned to normal platelet counts within 48 hours. The most 
common, but mild, adverse reaction was the “ flu syndrome ”’ (in up to 
22%), increasing with the interval and with the dose of rifampicin. No 
patient had jaundice. 

The authors concluded that the twice-weekly regimen was strikingly 
effective in patients with newly-diagnosed drug-susceptible tuberculosis. 
The once-weekly regimen was less effective because of a high rate of 
rapid isoniazid acetylators. In countries where this rate is considerably 
lower (e.g., in the USA and certain European countries <40%), the 
once-weekly regimen is likely to produce better results, particularly when 
the initial intensive phase is extended. Of 13 initially isoniazid-resistant 
patients, 9 (70%) responded favourably. The once-weekly regimen 
required only 64 doses (14 daily and 50 weekly)}—a fact that might be 
of importance for short-course chemotherapy (see “‘ How effective is 
short-course chemotherapy ... ?’—page 183). The 18-month course of 
treatment offered no advantages over that lasting 12 months. 
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In another controlled trial reported from Europe (German Demo- 
cratic Republic), which started in 1970, two once-weekly regimens of 
isoniazid plus rifampicin—one with an initial daily phase of both drugs 
for 4 weeks ; the other without an initial phase—were compared (/5). 
The control regimen was the standard regimen of isoniazid with strepto- 
mycin and PAS daily for 4 months, followed by isoniazid and strepto- 
mycin twice weekly. The total duration of all regimens was 12 months. 
There were 2 failures during chemotherapy (one with each once-weekly 
regimen) and 1 bacteriological relapse after chemotherapy in the once- 
weekly regimen with an initial daily phase. The only disadvantage of the 
once-weekly regimen was a “flu syndrome” rate of 45%. This was 
halved by lowering the dose of rifampicin to 15 mg/kg. 

The authors considered both once-weekly regimens as equally good. 
They recommended that the use of rifampicin should be limited to a 
maximum of 12-20 weeks, within which period side-effects occur only 
occasionally or within acceptable limits, and to continue the treatment 
with isoniazid and streptomycin until 1 year. The practicability of this 
regimen is now being studied on a large scale. 
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What is the purpose of the initial intensive phase 
of two-phase chemotherapy ? 


There is ample experimental and clinical evidence that a two-drug 
and particularly a three-drug regimen, when administered daily in the 
initial period of treatment, may greatly improve the efficacy of chemo- 
therapy. However, not any combination of two or three drugs will have 
this effect. At least two bactericidal drugs, such as isoniazid and strepto- 
mycin or isoniazid and rifampicin, are required daily in the initial phase. 
The addition of a third drug can contribute only little to such a potent 
regimen. However, a supplement of PAS, thioacetazone, or ethambutol 
is of benefit when initial drug-resistance is present. The efficacy of three 
or more bactericidal drugs—e.g., isoniazid, rifampicin, and streptomycin, 
with or without pyrazinamide—has been explored especially in studies 
of short-course chemotherapy (see ‘‘ How effective is short-course chemo- 
therapy ... ?”—page 183). 

It has been consistently observed that the multiplication of susceptible 
organisms stops already during the first days of effective treatment (1, 2), 
and that the total number of bacilli in the sputum decreases rapidly, 
especially within the first 2 weeks of effective treatment (3). The experi- 
mental findings from laboratory and controlled clinical studies are 
summarized below. 


1. It is of crucial importance for the outcome of treatment, especially 
for patients harbouring large bacterial populations, to put a rapid stop 
to bacterial multiplication and ensure that drug-sensitive bacilli are killed 
as soon as possible (“ early kill”), for the following reasons. 

(a) The serious deterioration that may occur in the initial period of 
treatment with regimens of low intensity and potency can be prevented 
and patients may be saved from an early death (4) — both early deterio- 
ration and death being caused by the multiplication of drug-sensitive 
organisms in the first weeks of treatment. 

(6) If the bacterial population is rapidly reduced, say, from 10° @ 
number commonly found in lung cavities) to 10°, there is little probability 
that new resistant mutants will appear, even after seven steps (generations) 
of uninhibited multiplication. Thus the emergence of new resistant 
mutants can be minimized or stopped by intensive chemotherapy at the 
beginning of treatment. 

(c) There is good in vitro evidence that, the more rapid the anti- 
bacterial effect, the less likely are persisters to emerge (9). The risk of 
relapse is thus lessened (see “‘ What is bacterial persistence ... ?”— 
page 204). 
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2. In each three-drug combination, there are always two drugs capable 
of destroying single-drug-resistant mutants pre-existing in wild strains. 
Thus a three-drug regimen will safely prevent these organisms from 
multiplying. Such multiplication may be particularly dangerous in the 
early treatment phase because, at the start of treatment, an appreciable 
number of drug-resistant mutants may be present.” If these are allowed 
to multiply, resistance to two drugs can rapidly develop (6). 

3. In patients with initial resistance to a single drug—i.e., primary as 
well as undisclosed acquired resistance due to a short episode of inad- 
equate treatment—the chances of responding favourably to chemo- 
therapy are almost unimpaired if an initial period of daily treatment with 
three drugs is provided (see Hong Kong study in “‘ How relevant are 
initial drug resistance and pretreatment susceptibility tests ... ?””’— 
page 167). 

The special importance of the intensive phase in short-course regimens 
is referred to elsewhere (see ‘‘ What are the bactericidal and sterilizing 
mechanisms in short-course chemotherapy ?”—page 200 and “ How 
effective is short-course chemotherapy and what are its prospects ? "’— 
page 183). 

The advantages of an initial intensive phase with three-drug regimens 
are obvious. However, it is important to realize that those who will gain 
from a third drug and an intensive phase are mainly patients who harbour 
large numbers of tubercle bacilli and therefore are usually positive by 
direct smear microscopy. Patients with lesions containing smaller 
numbers of bacilli respond very well to two-drug regimens with or 
without an initial intensive phase. The disadvantages of adding a third 
drug are higher toxicity and higher costs (see ‘‘ When is a two-phase 
regimen indicated ?””—page 151 and “‘ What is the optimum duration 
of the initial intensive phase ... ? ”’—page 156). 


@ In one million tubercle bacilli (of a wild strain), about 10-50 isoniazid-resistant 
mutants and about 1-5 streptomycin-resistant mutants may be found—i.e., in a 
population of 108 (a number commonly found in cavities), some 5000 isoniazid- 
resistant and several hundred streptomycin-resistant mutants could be present at the 
outset (see “ How many drug-resistant tubercle bacilli can be found in the sputum 
of patients who have never received tuberculosis chemotherapy ? ’’—page 93). 
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What is rapid inactivation (acetylation) of isoniazid and 
what is its clinical significance ? 


A large proportion of isoniazid disintegrates in the human body and 
is converted into metabolites * that are practically inactive against tubercle 
bacilli. The capacity to metabolize isoniazid varies greatly in mammals. 
In particular, it has been observed that the speed at which the drug is 
inactivated (acetylated) differs among human beings, though it is constant 
in each individual (/). 

The degree of inactivation can be measured by examining the level 
of free isoniazid in the blood serum at various times after the ingestion 
of a certain dose. According to this level, it is possible to distinguish 
two broad groups of persons : slow and rapid inactivators (acetylators) 
of isoniazid. The rate of inactivation is related to genetic factors and is 
identical in monozygotic twins. There is evidence that, in certain ethnic 
groups, the frequency of rapid inactivation is rather high. Thus, the 
Japanese and Koreans (2), and particularly the Eskimos (3), have a 
prevalence of rapid inactivation ranging from 50% to 95% (5)—a higher 
rate than that in South India (Madras), where rapid inactivation was 
found in about 40% (4). In contrast, Europeans (Caucasians) are 
predominantly slow inactivators. 


Clinical significance of rapid isoniazid inactivation 


Several investigations have been undertaken to determine whether 
slow inactivators respond differently to regimens containing isoniazid 
than rapid inactivators because the latter cannot maintain high inhibitory 
levels of the drug for a long time. 

A study carried out at the Tuberculosis Chemotherapy Centre, 
Madras, comparing isoniazid and PAS daily with three regimens of 
isoniazid alone daily in varying doses (4) showed slightly better results 
for slow inactivators. However, no such differences could be found in 
another Madras study in patients who received isoniazid daily in high 
doses (14 mg per kg of body weight) (6). Studies on intermittent regimens 
have shown that the rate of inactivation of isoniazid had no appreciable 
influence on the efficacy of twice-weekly regimens—e.g., isoniazid plus 
streptomycin (7), isoniazid plus PAS (8), or isoniazid plus ethambutol (9) 
administered twice a week after initial daily chemotherapy with three 
drugs for several weeks. However, when isoniazid was given once a week 


@ Chiefly acetyl derivatives of isoniazid ; h rm “ace i 
: ; ence the te = 
times used instead of “ inactivation ’’. ; a 
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together with Streptomycin (7) or ethambutol (9), the results were 
evidently inferior in rapid inactivators (see “* What was the efficacy of 
primary intermittent chemotherapy ... ? "—page 137). 

Thus, when intermittent chemotherapy once a week with regimens 
containing isoniazid is under consideration, it might be reasonable to 
identify and exclude the rapid inactivators. The currently used biochemi- 
cal and bacteriochemical tests are too elaborate for routine use. However, 
there is reportedly a much simpler test—the sulfadimidine test—which 
requires a urine examination that can be undertaken quickly in large 
numbers of patients (/0). 

While the speed of inactivation of isoniazid has no practical effect on 
the response to daily or twice-weekly regimens containing isoniazid, it — 
has a marked influence on the frequency of neurotoxicity due to the drug. 
The incidence of peripheral neuropathy is several times lower in rapid 
inactivators than in slow inactivators (7). 

Several attempts to compensate for rapid inactivation of isoniazid by 
increasing the dose to 17 mg/kg or by adding a third drug—-e.g., PAS (//) 
Or pyrazinamide (7)—did not improve the results of once-weekly 
regimens. Promising attempts are being made to produce “ slow-release ” 
forms of isoniazid, the aim being to maintain in rapid inactivators effective 
levels of the drug for a period comparable to that in slow inactivators, 
while avoiding toxicity in the latter. The method is still under investi- 
gation. 
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When is a two-phase regimen indicated ? 


A two-phase regimen (see “‘ What are two-phase chemotherapy and 
the so-called 100% regimens ? "—page 130) is prescribed mainly : 

(1) when intermittent chemotherapy is indicated and initial drug resist- 
ance is suspected, and 

(2) for the treatment of patients with severe infectious disease. 


Intermittent chemotherapy 


When, right from the outset, drugs are given intermittently (see 
* What is intermittent chemotherapy ... ?””—page 132), one of which 
is bactericidal (e.g., isoniazid) and the other only bacteriostatic (e.g., 
thioacetazone, PAS, or ethambutol), it may happen that, during the 
intervals between doses, the drug concentrations will become so weak 
that it will not be possible to halt the growth of all organisms in a large 
bacterial population including resistant mutants. An intensive phase of 
a daily—preferably three-drug—regimen at the beginning of treatment 
is therefore required (see ‘‘ What is the purpose of the initial intensive 
phase ... ?”—page 145). During such an intensive phase with three 
drugs, resistant mutants will be killed by the two drugs to which they 
are sensitive and the fully susceptible bacterial populations will be 
reduced to such low numbers that, in the continuation phase, two drugs 
given daily or intermittently will suffice to control the multiplication of 
the small remainder. This will prevent treatment failure due to the 
emergence of new resistant mutants, which otherwise would arise from 
the growing population of dividing bacilli (see “‘ How does drug resistance 
develop ?”»—page 84). 


Treatment of severe cases 


The early cessation of multiplication and the rapid killing of drug- 
sensitive bacilli are particularly important for patients who are severely 
ill and whose lesions contain enormous quantities of viable organisms. 
A rapid reduction of the bacterial populations in the lesions averts 
deterioration of the disease and subsequent death (J), as well as the 
further transmission of infection. Thus a three-drug regimen would be 
of benefit for such cases. However, it is rarely practicable to administer 
a three-drug regimen, especially one that includes daily injections (of, 
e.g., streptomycin) daily for the whole duration of the course. _On the 
other hand, it might be somewhat easier to give three drugs daily for a 
limited period—i.e., in the initial phase—and to continue with two drugs 
daily or intermittently for the rest of the course (continuation phase). 
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A disadvantage of a daily regimen requiring injections is that it may 
sometimes necessitate hospitalization—e.g., of patients who live far from 
a health centre. It is therefore important to bear in mind that three-drug 
treatment has significant advantages, mainly for patients with severe 
disease. Thus the gains derived from two-phase chemotherapy appear 
to be much greater in developing countries, where patients attending for 
treatment usually have extensive disease, than in technically advanced 
countries, where patients generally have less severe disease. Unfortu- 
nately, in developing countries the cost of organizing two-phase chemo- 
therapy involving daily injections (if only in the initial phase) may exceed 
the meagre budget of the health services and require travel that patients 
cannot afford. The question of the duration of the initial daily phase is 
therefore of considerable importance (see “ What is the optimum duration 
of the initial intensive phase ... ?”’—page 156). 


REFERENCES 


1. TUBERCULOSIS CHEMOTHERAPY CENTRE, MADRAS. Bulletin of the World Health 
Organization, 43 : 196 (1970) 


TUBERCULOSIS CHEMOTHERAPY 153 


What is the optimum duration of conventional long-term 
chemotherapy ? ¢ 


The optimum duration of conventional chemotherapy with standard 
regimens containing isoniazid and streptomycin with or without PAS, 
thioacetazone, or ethambutol is not yet precisely known (/) (that of 
short-course chemotherapy is at present being studied intensively). Since 
the mid-1950s, standard chemotherapy of 18 or 24 months’ duration has 
been recommended. Some have advocated chemotherapy for an indefinite 
period or even for life (2). These recommendations were partly based 
on findings from bacteriological examinations of resected lung specimens. 
It was found that the number of culturable organisms decreased pro- 
portionally with the duration of chemotherapy (3). After 12 months’ 
treatment of patients, only small numbers of bacilli could be recovered, 
and between 15 and 18 months, none at all. Other information was 
derived from retrospective studies (4) analysing routine records of patients 
who had received treatment for various periods. In a group of 120 drug- 
sensitive patients who had received 12-17 months of standard chemo- 
therapy, one relapsed, as well as one of 198 patients treated for more 
than 18 months (in the latter case, pretreatment resistance could not be 
safely excluded (J). The results were taken as an indication that chemo- 
therapy lasting 1 2-2 years was a prerequisite of success. 

In the United Kingdom, 12 months was considered as the minimum 
duration of chemotherapy (J), but only 18 and 24 months were regarded 
as acceptable. Thus, in Scotland, the average duration was 22.8 months. 
(5) and in the USA it was a popular practice to give chemotherapy for 
2 years to most patients, though some found such a duration “ excessive 
and unnecessary ” (6). 

A recent “ official statement” of a committee of the American 
Thoracic Society (7) concerning the primary treatment of pulmonary 
tuberculosis, said that, in the USA, the most frequent regimen— isoniazid 
and ethambutol with or without initial streptomycin—is given for 
18 months. However, the committee also stated that, when such a 
regimen has to be given under supervision, a duration of 18 months is 
almost always impracticable unless the patient is hospitalized or in prison. 
The committee therefore considered short-course chemotherapy more 
feasible, provided that the current controlled studies confirm the favour- 
able reports from other countries. 


@ Chemotherapy with standard regimens (see ‘‘ What are the standard regimens 
currently used ?—page 113). 
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Few controlled trials have been carried out to compare 12-month, 
18-month, and 24-month durations of standard chemotherapy, such 
trials being difficult to organize. Statistically comparable and sufficiently 
large groups of patients would have to be randomly allocated to regimens 
of varying durations and thereafter followed up for an adequate period. 
Supervision would have to ensure drug ingestion, since the influence of 
irregularity on bacteriological response and subsequent relapse is even 
stronger than that of the duration of chemotherapy. It is particularly 
difficult to follow up large groups of patients for a long time, say, 5 years, 
after the cessation of treatment. In certain populations, losses due to 
migration or death from causes other than tuberculosis might be so high 
that proper evaluation would be impossible. 

Practically all effective regimens reach the potential of bacteriological 
response within 6 months of the start of treatment, but 6 months is 
certainly too short for the standard chemotherapy of patients with 
initially sputum-smear-positive tuberculosis. Relapse occurs in about 
one-fourth of patients treated with streptomycin, isoniazid, and thio- 
acetazone daily for a total period of 6 months (see ‘‘ How effective is 
short-course chemotherapy ... ?”’—page 183). 

On the other hand, there is satisfactory evidence that more than 
18 months of good chemotherapy produces little additional benefit, if 
any, in terms of relapse prevention (8). Precise, quantified information 
on the advantages of 18 or 24 months over 12 months of treatment is not 
available (as has been mentioned above), but the additional effect can 
only be slight. Taking into account that 50-100% more drugs need to 
be purchased, supplied, and administered, and that 50-100% more 
staff-time per patient is required, the additional benefit hardly justifies 
prescribing more than 12 months of chemotherapy as a general policy. 
Another objection is the fact that the vast majority of patients are 
definitely cured after 12 months of adequate chemotherapy, and only 
a few per cent may relapse (see ‘‘ How important is follow-up ... ?7— 
page 223). Thus about 90%, and usually more, of these patients are 
exposed longer than needed to the hazards of drug consumption, while, 
for the same resources, 50-100% more patients could be offered primary 
treatment. Thus it seems more rational to give good treatment for 
12 months and to re-treat any patients that relapse. Moreover, since 
the large majority of these relapse with drug-sensitive organisms, they 
would not need to be given expensive and unpleasant reserve regimens, 
but could be re-treated with the original regimen (9). 
hen reer atone considerations on the duration of chemo- 

, pproach expressed by the WHO Expert Com- 
mittee on Tuberculosis (10) appears to be the most reasonable : 


Bat ginpe practice in many countries to prescribe chemotherapy for a 
months to 2 years for bacteriologically confirmed cases. There 
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is increasing evidence that such a duration of treatment is unnecessarily long. 
The Committee emphasized that the benefits of prolonging chemotherapy beyond 
a year are small. It is much more rewarding to concentrate efforts on ensuring 
that every patient continues on the regimen for one year without interruption.” 


This does not apply to the duration of short-course chemotherapy 


which, with certain regimens, offers Prospects of reducing the length of 
treatment to 9 or 6 months, or even less (see “‘ How effective is short- 
course chemotherapy ... ?”’—page 183). 
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What is the optimum duration of the initial intensive phase 
of two-phase regimens ? 


This question is of considerable scientific and practical importance. 
It is difficult to ensure the daily attendance of patients for a long period 
and to organize daily chemotherapy—.g., involving injections. In 
developing countries, particularly, such treatment may be burdensome 
for the patient and strain the available resources for health. It would be 
highly desirable, therefore, to know the shortest possible duration of the 
daily intensive phase, below which no benefit would be obtained, and 
the degree of improvement to be expected from extending the intensive 
phase for various periods. In countries with sufficient resources, it would 
be important to know also the longest duration of the intensive phase 
beyond which no further gain would be obtained. 

To provide a definitive answer to these questions is difficult, since the 
initial intensive phase of a two-phase regimen cannot be considered apart 
from other components of that regimen. In particular, the initial and 
continuation phases are interdependent. They are also related to the drug 
combination chosen, the rhythm of administration, the duration of 
treatment, the prevalence of initial drug resistance * and the initial 
bacteriological status (positive by smear microscopy or only by culture). 

A further problem is the difficulty of ensuring the comparability of 
findings from different trials. Thus, the results of trials on the efficacy 
of regimens with different durations of the initial intensive phase, 
achieved in different populations, epidemiological situations, and 
experimental conditions (study design or protocol, for instance) are, 
strictly speaking, not comparable—at least they should not be compared 
without reservations. 

Several studies have been designed especially to explore the effect of 
various lengths of the initial intensive phase. In a controlled trial in East 
Africa (/), the response to a two-phase regimen with varying durations 
of the initial phase was studied. Patients with smear-positive sputum, 
each receiving isoniazid (300 mg) and thioacetazone (150 mg) daily, 
were randomly allocated to four groups. Three of the groups received 
an initial supplement of streptomycin (1 g) daily for 8 weeks (Sg), 


4 weeks (S,), or 2 weeks (S,), and the fourth group (TH) had no initial 
supplement. 


@ Initial drug resistance is either pri i i 

\ primary resistance or undisclosed secondar 
Pea acquired after a short course of inadequate or tentative ikactherapy 
(see at is primary and what is initial drug resistance ?—page 87). 
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The results, in terms of favourable bacteriological response, are given 
in Table 1. The table shows an apparent trend of increasing effectiveness 
related to the duration of the intensive phase. The probability that the 
observed differences were due to chance was less than 5% (P = <0.05). 


Table 1 


Response to treatment with streptomycin plus isoniazid plus thioacetazone (STH) 
daily for 2, 4, or 8 weeks, followed by isoniazid plus thioacetazone 
in the continuation phase: assessment at 1 year (1) 


> ST soreness te 


Duration No. of Percentage of patients showing: 
of initial phase patients 
favourable bacterio- isoniazid 
(STH) treated logical response resistance 
ere ereenoeenppaeenestternienseesieementeenrnnieie chi 
8 weeks 162 96 3 
4 weeks 159 94 5 
2 weeks 161 90 10 
none * 147 88 10 


* Thioacetazone plus Isoniazid, without initial supplement. 


The results suggested that an initial supplement of streptomycin to 
the basic thioacetazone plus isoniazid daily for 8 weeks had a success 
rate of 96% and a low failure rate associated with drug resistance. Two 
weeks of initial intensive treatment resulted in 10% of failures, all with 
organisms resistant to isoniazid. The patients who received an initial 
supplement of streptomycin for 4 weeks had only a slightly (2%) less 
favourable bacteriological response than those in the 8-week series. 

The investigators concluded that it was desirable to supplement the 
daily thioacetazone—isoniazid regimen with streptomycin, preferably for 
the first 8 weeks of chemotherapy, but that, if this could not be organized, 
the aim should be to give streptomycin additionally for the first 4 weeks. 

In Hong Kong, a trial was undertaken to investigate various treatment 
policies (2). The main purpose of the study was to evaluate (a) the role 
of pretreatment drug-sensitivity tests and (5) the effect of two different 
durations of initial intensive chemotherapy. Patients with sputum 
positive by direct smear microscopy were allocated at random to one 
of the three policies studied. In each policy group, they were further 
allocated at random to 3 or to 6 months of initial chemotherapy with 
streptomycin, isoniazid, and PAS, the total duration of treatment being 
12 months. Thus a valid comparison could be made of 3 and 6 months 
of initial intensive treatment for each of the policies studied.* The 


@ See * How relevant are initial drug resistance and pretreatment susceptibility 
tests to the selection of chemotherapy regimens ? ’’—page 167). 
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findings (Table 2) showed that, with policy A, 89% of patients who had 
received 3 months of three-drug treatment showed a favourable response, 
compared with 90% of those in the 6-month group. 


Table 2 


Bacteriological response to 3 or 6 months’ initial chemotherapy with 3 drugs 
(SHP) ¢ daily, followed by chemotherapy with 2 drugs (HP) @ daily, 
up to a total duration of 12 months : assessment based on 8 cultures at the 10th, 
11th, and 12th months of treatment? 


Policy A* Policy B4 Policy C* 


ee ee a 
3 months 6 months 3 months 6 months 3 months 6 months 


Total No. 

of patients treated 91 96 96 96 93 94 
Percentage of patients 

with favourable response 89 90 90 94 94 94 


* Streptomycin (S): 0.75 9; isoniazid (H) : 300 mg in one dose ; sodium PAS (P): 10g in 
one dose. 


> After Hong Kong Tuberculosis Treatment Services/British Medical Research Council 
Investigation (2). 


© Treatment ignoring the results of susceptibility tests throughout. 


4 Treatment started and then, if necessary, adjusted after the results of susceptibility tests 
became available. 


* Treatment adjusted if necessary, but not started before the results of susceptibility tests 
became available. 


It was concluded that there was no evidence, in any of the groups, 
of any benefit from 6 months of initial three-drug treatment compared 
with 3 months of such treatment. 

In Czechoslovakia, a study was undertaken on intermittent chemo- 
therapy with two different periods of initial intensive treatment (3). 
Patients with sputum positive by smear and/or culture, allocated to the 
regimen streptomycin and isoniazid twice weekly * were further allocated 
at random to 6 weeks or 13 weeks of initial streptomycin, isoniazid, and 
PAS daily’. The bacteriological results were assessed after 12 months 
of treatment. Of the 93 patients who had received initial three-drug 
treatment for 6 weeks, 98% showed a favourable bacteriological response, 
as against 99% of the 100 patients who had received such treatment for 
13 weeks. 

Thus both regimens produced excellent results, with success rates 
approaching 100%. There was no evidence that 13 weeks of daily three- 
drug treatment as an initial supplement to streptomycin plus isoniazid 
twice weekly were superior to 6 weeks. It should be mentioned that, in 
both the East African and Hong Kong studies, the patients had been 


@ Streptomycin : 1 g; isoniazid: 14 mg per kg of body weight. 


b as : 
Streptomycin: 1 g or 0.75 g, depending on age, daily for the first 6 weeks, 


jaily g daily for 6-13 weeks, plus 300 mg of isoniazid and 10 g of sodium PAS 
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severely ill, with extensive cavitated disease and smear-positive sputum. 
Those of the Czechoslovak study had less severe and extensive disease 
and only one-half of them had sputum positive by smear microscopy. 
However, in this Study the patients were older, two-thirds being over 
50 years of age (see “‘ What was the efficacy of primary intermittent 
chemotherapy ... ? ’—page 137). 

It seems likely, from the findings of the three studies, that an initial 
intensive phase of 2 weeks contributes little if anything to a daily standard 
regimen of isoniazid and thioacetazone. Regimens of isoniazid sup- 
plemented with thioacetazone or PAS usually achieve bacteriological 
quiescence in rather less than 90% of cases. In order to strengthen these 
regimens so that their success rate approaches that of the most effective 
regimens—i.e., well over 90%—an initial supplement of streptomycin 
for at least 4 weeks appears to be necessary. 

Two studies on intermittent regimens, both with an initial daily phase 
of 2 weeks, were undertaken in Madras (4) and in Singapore (5). The 
patients of the Madras study received isoniazid, streptomycin, and 
ethambutol daily for 2 weeks, followed by isoniazid and streptomycin 
twice weekly up to 12 months. The results were regarded as unsatis- 
factory. An extension of the initial intensive phase was not considered 
(see also “ What was the efficacy of primary intermittent chemo- 
therapy ... ?”’—page 137). In the Singapore study, isoniazid and 
rifampicin were given daily for 2 weeks, followed by the same drugs given 
twice weekly up to 12 or 18 months. The results were excellent. How- 
ever, the contribution of the short initial daily phase remains questionable 
(see also “‘ What was the efficacy of primary intermittent chemo- 
therapy ... ? ’—page 137). 

It seems also that, with standard regimens of conventional duration, 
an extension of the initial intensive phase beyond 8 weeks will not bring 
about any substantial gain. Moreover, it is evident that little or no 
advantage is to be gained from prolonging the intensive phase beyond 
the first 3 months. 7 

If it is possible to use a more potent regimen that, in addition to 
isoniazid, contains another bactericidal drug, such as rifampicin, 4 weeks 
of initial intensive treatment may be sufficient, depending on the regimen 
in the continuation phase. However, that supposition needs to be 
confirmed in a situation where there is a high prevalence of patients with 
sputum-smear-positive tuberculosis. : ‘agit 

Clearly, such conclusions are valid only if a high degree of regulari y 
of drug intake can be ensured throughout the duration of treatment. 
As has been demonstrated, irregularity during the continuation phase 
can nullify the benefits from an intensive phase of any duration (6). 

It would be of great interest and importance to know the minimu 
duration of the initial intensive phase in short-course regimens, 


160 K. TOMAN 


REFERENCES 


_ East AFRICAN/BRITISH MEDICAL RESEARCH COUNCIL INVESTIGATION. Tubercle, 
51: 123 (1970) 

_ HonG KONG TUBERCULOSIS TREATMENT Services / BRITISH MEDICAL RESEARCH 
CoUNCIL INVESTIGATION. American review of respiratory diseases, 106 : 1 (1972) 
_ PoLANSKY, F. ET AL. Bulletin of the International Union against Tuberculosis, 
49 : 403 (1974) 

_ TuBeRCULOSIS CHEMOTHERAPY CENTRE, MADRAS. British medical journal, 2: 7 
(1973) 


5. Lee, S. K. Bulletin of the International Union against Tuberculosis, 51 : 109 (1975) 
6. Kent, P. eT AL. Tubercle, 51: 24 (1970) 


TUBERCULOSIS CHEMOTHERAPY 161 


What are the merits of supervised intermittent chemotherapy 
and self-administered daily chemotherapy ? 


The main advantage of intermittent chemotherapy is that it is entirely 
supervisable. Thus no concealed irregularity can occur, as it can with 
self-administered regimens. It is essential to ensure that the patient 
actually ingests the oral drugs. To facilitate his swallowing them, he 
should be given a glass of water or tea. In certain circumstances, it is 
advisable to inspect the patient’s mouth to check that the tablets have 
actually been swallowed. Injections should always be given after ingestion 
of oral drugs. Sometimes intermittent treatment with isoniazid plus 
streptomycin has failed because the injection was given first and the 
tablets were handed out to the patient afterwards. Supervised chemo- 
therapy means that every dose is administered under direct supervision. 

A further advantage of intermittent chemotherapy is its lower 
toxicity compared with daily regimens.* 

The total amount of drugs is larger in daily regimens, with a corre- 
sponding increase in the cost. This factor is particularly important 
for countries that have to import drugs and pay for them in foreign 
currency. 

Irregularity in supervised chemotherapy is immediately manifest. If 
a patient does not attend on the appointed day, he is bound to miss a 
dose unless prompt action is taken. In self-administered chemotherapy, 
it may be several weeks before even gross irregularity is detected. 

Both supervised intermittent and self-administered daily regimens are 
highly effective, especially when given after an initial intensive phase. 
If both are given with equal regularity, the results also are comparable. 

A disadvantage of supervised intermittent chemotherapy is the rather 
high workload for the treatment services. A patient collecting his drugs 
for daily self-administration (without an intensive phase) attends the 
health centre about 15-25 times a year. A patient on twice-weekly 
treatment (without an intensive phase) has to attend 8-9 times a month 
—1i.e., more than 100 times a year. 

Intermittent supervised chemotherapy should always be considered 
for sputum-positive patients who are apparently at risk of being irregular 
in self-administered chemotherapy and who live within easy reach of the 
health centre in charge of treatment. Convenience to the patient is 


i i ici i ide-effects 
* Except in the case of rifampicin, which generally produces more si fec 
when pee | intermittently (see ‘‘ What is the therapeutic effect and what is the toxicity 


of antituberculosis drugs ? ’’—page 101). 


162 K. TOMAN 


essential for the success of intermittent chemotherapy. It is important 
to organize for every patient an appointment schedule with convenient 
oints and hours of treatment delivery (see page 139). However, that may 


be difficult in situations where health services are scarce and understaffed. 
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What reserve regimens are available and what is their place 
in tuberculosis control programmes ? 


Reserve regimens are used when treatment with standard regimens 
has failed owing mainly to acquired drug resistance (see “‘ How does drug 
resistance develop ? ’—page 84). Since such resistance is the result of 
inadequate primary chemotherapy, the need for re-treatment with reserve 
regimens is avoidable. Before the various reserve regimens are reviewed, 
some principles of the management of re-treatment will be discussed. 
Without an organizational framework and without knowledge of the 
operational requirements of treatment with reserve regimens, the chances 
of success will be small. 


Management of re-treatment 


The treatment of patients whose organisms are resistant to the 
standard drugs or who do not tolerate them presents many difficulties. 
These difficulties are caused by the drugs themselves and, to a great 
extent, by patients’ behaviour and the attitudes of the health staff. 

With few exceptions, the reserve drugs available before rifampicin 
was introduced are not very effective. They often produce toxic reac- 
tions, which are not only unpleasant but sometimes dangerous. This 
may necessitate restricting the dosage, with the result that efficacy is 
reduced. 

A large proportion of patients with drug-resistant disease belong to 
groups whose cooperation is not easy to achieve. These often include 
individuals suffering from personality disorders or who are psychopaths, 
alcoholics, drug addicts, or vagrants. Such patients are unwilling or 
unable to tolerate the discomfort caused by side-effects. They tend to 
give up therapy, and special efforts are needed if they are to be persuaded 
to resume treatment. 

For these reasons many physicians insist that reserve-drug therapy 
should be given in hospital, because close observation for toxic effects 
and the supervision of regularity are necessary. Only after tolerance of 
the drug regimen has been ascertained and the patient’s cooperation has 
been secured should ambulatory treatment be given. However, these 
patients usually dislike hospital discipline and often behave badly 
towards physicians or nurses. They not infrequently discharge themselves 
from hospital. Thus, extraordinary measures are required to persuade 
and encourage the patient not to stop the treatment, which, with all its 
discomforts, is usually the last that stands between him and death. If 
the doctor and his staff are convinced of this, they can induce the patient 
to cooperate. Even then, every dose of pills must be swallowed under 
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the direct supervision of a devoted nursing staff. Without going into the 
details of the highly specialized biochemical laboratory follow-up 
examinations required, it is evident that the organization of re-treatment 
with reserve drugs demands special measures. These are a heavy drain 
on skilled-manpower time, hospital-bed days, and financial resources, 
including foreign currency for drugs that have to be imported. 


Re-treatment regimens for patients with organisms resistant to the standard 
drugs 

This chapter refers to the treatment of patients who have failed once 
or repeatedly to respond to long-term chemotherapy, mostly with 
standard regimens, in contrast to patients with initial drug resistance who 
have never had long-term chemotherapy before and nearly all of whom 
can be effectively treated with primary standard regimens (see ‘‘ How 
relevant are initial drug resistance and pretreatment susceptibility tests 
to the selection of chemotherapy regimens ?”’—page 167). 

Failure or reserve regimens that have proved to be potentially effective 
(Table 1) are : rifampicin with ethambutol ; rifampicin with ethambutol 
and ethionamide ; ethionamide with pyrazinamide and cycloserine ; and 
streptomycin with PAS and pyrazinamide (/). All these are usually daily 
regimens. Drugs that occasionally may be added to the above-mentioned 
regimens or may replace one or another reserve drug are kanamycin and 
capreomycin (viomycin is being less used, and tiocarlide, though effec- 
tive experimentally, is of doubtful activity in man (2, 3). The efficacy and 


Table 1 
Summary of reserve regimens (75) 


Initial phase Continuation phase 
Rhythm & period Rhythm & period 
Drugs ° of administration Drugs of Se runtatretion 


RIF + EMB daily RIF + EMB daily 
(1-3 months) RIF + EMB twice weekly 
(up to 12 months) 
RIF + EMB + ETH? daily RIF + EMB daily 
(1-3 months) RIF + EMB twice weekly 
(up to 12 months) 
SM + PZA + PAS daily PZA + PAS daily 
(6 months) (up to 18 months) 
ETH + CS* + PZA - daily ETH +CS daily 
(3-4 months) ETH + PZA daily 
(up to 12 months) 
ETH + CS + KAN 4 daily ETH + CS dally 
(3-4 months) (up to 12 months) 
ETH + PZA daily 


See eee 


* RIF = rifampicin; EMB = ethambutol: ETH = ; 
PZA = pyrazinamide ; PAS = p-aminosalicylle OES cicieseine: War tneencis 
For dosages, see ‘' What is the Sounee cf eusee, Meio i 
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side-effects of these drugs are discussed elsewhere (see “* What is the 
therapeutic effect and what is the toxicity of antituberculosis drugs ? ”’— 
page 101). 

In the treatment of chronic patients with drug resistance, three-drug 
reserve regimens have been found superior to two-drug reserve regimens 
(4). Some authors (5, 6) reported about 90% sputum conversion in 
55 patients observed for 5 years. However, these results were ac- 
complished largely through the concentrated efforts of a team of research 
workers and their dedicated nursing staff. 

In certain countries, where the standard primary regimen is thio- 
acetazone plus isoniazid, with or without an initial streptomycin sup- 
plement, a successful reserve regimen has been streptomycin with PAS 
and pyrazinamide (because PAS has not been used in primary regimens 
in these countries and because the strains are almost invariably sensitive 
to streptomycin (7). 

Some authors include thioacetazone in reserve regimens where PAS 
is being used in primary regimens (3). 

Ethambutol plus rifampicin, with or without a third drug, has been 
shown to be a highly effective regimen for re-treating patients whose 
organisms are resistant against isoniazid and streptomycin (8) or who 
“ even have failed on reserve regimens containing ethionamide, pyrazin- 
amide, and cycloserine” (9, 14). Rifampicin plus ethambutol is 
progressively administered intermittently (/0), thus reducing the cost of 
this very expensive regimen (J). However, the frequency of serious 
side-effects from rifampicin usually increases with the dose and length 
of the interval between doses (12) (see ‘‘ What is the therapeutic effect 
and what is the toxicity of antituberculosis drugs ? ”’—page 101). 

The use of reserve regimens is limited because of _their difficult 
management and high cost. Regimens containing rifampicin and 
ethambutol are particularly costly (US$ 200-700 per patient, at 1973 
tates), and are thus prohibitively expensive for most countries. 

Particularly in countries with seriously limited financial resources, 
health facilities, and staff, in which the total expenditure on health is 
only about a dollar a head, or even less, the provision of reserve regimens 
would be an unbearable drain on resources. It would be irrational for 
any country to divert resources to re-treatment with reserve crams 
for as long as a large proportion of new infectious cases remains untreate 
and primary treatment has not reached its full therapeutic potential (73). 
The demand for reserve drugs reflects the quality of primary a 
therapy. The vicious circle shown overleaf can occur only too easily. 
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How relevant are initial drug resistance and pretreatment 
susceptibility tests to the selection of chemotherapy 


regimens ? 


Many physicians regard it as essential to select a regimen for patients 
with newly diagnosed tuberculosis on the basis of pretreatment drug 
Sensitivity tests. It is usual practice, particularly in technically advanced 
countries, to administer a standard daily three-drug regimen until the 
results of drug sensitivity tests become available. These tests are made 
on sputum obtained before treatment starts, and when the tests show 
that the patient’s organisms are susceptible to the standard drugs 
treatment continues as planned. But if the results show that the patient 
had drug-resistant bacilli (before the start of treatment) the regimen is 
changed and reserve drugs are introduced. That usually requires 
hospitalization in order to manage the rather frequent side-effects, 
toxicity, and other problems raised by reserve drugs. 

However, the practice of adjusting primary chemotherapy to the 
results of pretreatment susceptibility tests has been seriously questioned, 
mainly for two reasons : 


1. The technique of drug susceptibility testing is elaborate, requiring the 
skill of a specialist and laboratories of a high standard, and even in 
technically advanced countries it is difficult to find laboratories that 
perform sensitivity tests accurately. Thus, if such tests were the only 
basis for the selection of regimens, mistakes would occur frequently 
(see “* How reliable are drug susceptibility tests in routine practice ?” 
—page 173). 


2. There is good evidence that patients with primary drug resistance 
respond well to standard chemotherapy (J, 2), given daily as well as 
intermittently (3). It was concluded that, in countries where primary 
resistance is infrequent, the risk of failure is low if standard regimens 
are used and that, in such epidemiological conditions, pretreatment 
sensitivity tests are not a prerequisite for success. However, it was not 
known whether standard chemotherapy would also be effective in the 
presence of a high prevalence of initial drug resistance—i.€., both primary 
and undisclosed acquired resistance. It was also important to know 


@ Initial resistance is resistance occurring in patients who give no history of 
previous chemotherapy. It includes primary resistance and acquired ease 
resistance in patients who have either concealed a history of previous Settee at 
usually of short duration (2-3 months), or have received chemotherapy or #0 y : 
short period—e.g., isoniazid for about 4. weeks—without knowing it (see a 
primary and what is initial drug resistance ? ’’—page 87). 
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whether, in such situations, special laboratory services for routine drug 
sensitivity testing were needed and would have to be planned. 


To investigate these questions, a study was undertaken in Hong Kong, 
in a population known to have a high frequency of initial drug resistance. 
The study was specially designed to determine whether and to what extent 
the use of pretreatment susceptibility tests would improve the management 
of chemotherapy and its effectiveness (4). 

Three policies (A, B, and C) were investigated in the Hong Kong 
study : 

Policy A. The patients received streptomycin plus PAS plus isoniazid 
(SPH) daily for 3 or 6 months, followed by PAS plus isoniazid (PH) daily. 
The results of pretreatment sensitivity tests were ignored. 

Policy B. Again, treatment was started with SPH daily for 3 or 
6 months, as in policy A. About 6-8 weeks later, when the results of the 
pretreatment tests became available and showed resistance to one, two, Or 
all three drugs, reserve drugs (ethionamide, or ethionamide plus pyrazin- 
amide, or ethionamide plus pyrazinamide and cycloserine, respectively) 
were substituted. For patients with no drug-resistant organisms, the 
regimen was the same as under policy A. 

Policy C. A rapid slide sensitivity test was done before treatment 
started. When the results became available (after one week), treatment 
was begun for 3 or 6 months with three drugs to which the patient’s bacilli 
were fully susceptible, followed by two of these drugs. Thus patients 
with no resistance to any of the tested drugs received the same standard 
regimen as under policies A and B. 

Patients aged 15 years or more, with pulmonary tuberculosis, whose 
sputum was positive on direct smear and who had received no previous 
chemotherapy, or chemotherapy for no longer than 4 months, were 
eligible for admission to the study. All had serious disease, and two- 
thirds had cavitated lung lesions. In four-fifths, the very first sputum 
specimen examined was positive by direct smear microscopy. Almost 
one in three had drug-resistant organisms.” The status of these patients 
on admission is summarized in Table 1. 

All three policies were highly effective and produced similar results 
in terms of bacteriological quiescence at 12 months (Table 2). Policy A 
(SPH/PH, ignoring the results of sensitivity tests) achieved quiescence 
in 89% of 187 patients—i.e., only slightly less than policies B and C. 
Policy B (adjusting the regimen according to the results of pretreatment 
susceptibility tests 6-8 weeks after the start of treatment) brought about 


@ Susceptibility tests were performed in two selected local laboratories, and the 


reference laboratory of the study was the Medical Research C il Uni 
Studies of Tuberculosis, London, England. oo 
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quiescence in 92% of 192 patients. Policy C (selecting the regimen from 
the outset of treatment on the basis of a rapid slide culture susceptibility 
test) resulted in quiescence in 94% of 187 patients.* 


Table 1 


Hong Kong study of pretreatment susceptibility tests (4-7): status of 566 patients 
on admission to treatment 


Characteristic No. % 


Previous chemotherapy : 


none 397 70 
possible 29 5 
definite 140 25 
Direct smear positive 566 100 
first specimen 465 82 
Cavitation present (on posteroanterior radiography) 352 62 
Resistance to one or more standard drugs 172 30 
1 drug 100 18 
2 drugs 36 6 
3 drugs 36 6 
eee 


Table 2 


Hong Kong study of pretreatment susceptibility tests : bacteriological quiescence 
at 12 months, according to policy and pretreatment drug sensitivity (5) 


—— 


‘ a “ Policies c oe 
Pretreatment status of patients 
(%) (%) (%) (%) 
a a ee ee 
Strains sensitive to all drugs 98 92 95 95 
Strains resistant to: 
1 drug 82 90 92 89 
2 drugs 72 89 89 81 
3 drugs 40 90 88 85 
All atients with sensitive and resistant 
einaine 89 92 94 92 


Comments and conclusions ® 


The benefits gained from acting on the results of accurate pretreatment 
sensitivity tests were surprisingly small, though a large proportion (30%) 
of patients had drug-resistant organisms. Considering the disadvantages 
—toxicity and high cost of reserve drugs, the need for hospitalization, 
and the difficulties and expense of drug sensitivity testing—policy A 


i i dard 
@ The study also showed that 6 months of daily chemotherapy with a stan 
three-drug Salen at the beginning of treatment had no advantage over 3 months. 
i i i i iple resistance 
® This study did not include chronic patients, who often develop multip 
after the failure of long courses of chemotherapy. Thus the conclusions refer only to 
the group investigated—i.e., patients with initial drug resistance. 
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showed a clear advantage over the other two policies. This is encouraging 
for countries with few or no facilities for drug susceptibility testing and 
limited financial and/or manpower resources. 

The results of the study also confirmed another important finding : 
although drug administration was well organized and supervised, and 
the conditions of the trial were stringent, the rate of quiescence achieved 
in patients with fully sensitive organisms was only 95%. Thus the classical 
standard regimen, with a potential success rate of 100%, failed in 5% 
of cases. There was evidence that this failure was due to inadequate drug 
intake : some patients failed to take their oral drugs regularly in the 
continuation phase. Drug resistance as a cause of failure could be safely 
excluded in these patients. 

On the basis of the failure rates due to irregular drug intake and drug 
resistance, observed in the study, failure rates to be expected in patient 
populations with varying levels of initial drug resistance were estimated 
(Table 3). From this table, it appears that, in countries where the 
proportion of patients with organisms resistant to one or more drugs 
is below 5%, the gain from pretreatment sensitivity tests (policy B) is 
trivial. If initial drug resistance is moderate—i.e., occurs in about 10% 
of patients—as it is in many developing countries, the benefit from pre- 
treatment susceptibility tests (policy B) would be less than a 2% reduction 
in the failure rate. Indeed, the proportion of patients with initial 
resistance to one or more drugs needs to be 30% for standard chemo- 
therapy to fail in 5% of cases. Thus such a high level of drug resistance 
would be necessary to result in the same level of failure as that caused 
by inadequate drug intake in patients with fully sensitive organisms, as 
was found in the Hong Kong study. 


Table 3 


Estimated failure rate according to the level of pretreatment drug resistance 
if treated under policy A or policy B @ 


en ee 


Total expected failure rate ° with: Difference in 
Proportion of failure rate with 
patients with initial policies A and B 
drug resistance Policy A* Policy B 4 owing to initial 
(%) (%) (%) bi oo 
0 5.1 5.1 0.0 
5 6.1 5.2 0.9 
10 7.3 5.6 “NA A 
20 9.4 6.0 3.4 
30 11.8 6.7 5.1 


EE eS. 


* Based on the report of the Ho 
Resedien SEanen rea iloatic# AN ng Kong Tuberculosis Treatment Services/British Medical 


> Calculated from the levels of success of the three poli 
cles for patients wi 
organisms and of the individual policies for patients with eet ornameinees — 
J Standard regimen, disregarding susceptibility tests. 
Adjusting the regimen according to the results of susceptibility tests. 
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It is now clear that the importance of initial drug resistance as a cause 
of the failure of standard chemotherapy has been exaggerated. Regularity 
of drug intake is far more important, because, as was confirmed by the 
Hong Kong study, it is mainly that factor which determines the level 
of success or failure. In situations where no facilities for drug sensitivity 
tests exist, and information on drug resistance is needed, patients should 
be thoroughly interrogated about any previous chemotherapy, its 
duration, and the drugs used. This information, which indicates quite 
well whether pretreatment drug resistance is likely to be present, is on 
hand at the time when the regimen has to be decided upon, whereas it 
may take 6-10 weeks before laboratory results become available. 

The findings of the Hong Kong study can be widely applied in both 
developing and technically advanced countries. They are particularly 
encouraging for the many countries in which susceptibility testing 
facilities are generally not available. Even for the developed countries, 
the conclusions are obvious. In most of these countries, the level of 
initial resistance is so low that only about 1 in 200 patients would benefit 
from having his chemotherapy adjusted in accordance with the results of 
pretreatment susceptibility tests. In any case, such adjustments could 
be made only with a substantial delay. They are bound to produce more 
toxicity and to require hospitalization and complex laboratory monitoring 
of patients’ liver and kidney function. 

Thus adhering to policy A—i.e., dispensing with susceptibility 
testing—would spare patients a number of unpleasant and serious side- 
effects and, moreover, avoid waste in terms of manpower, laboratory 
resources, drug costs, and hospital beds. 7 

In a recent study on the influence of drug resistance in newly detected 
cases without a history of previous chemotherapy, in Algiers (8), the 
findings of the above-mentioned study were confirmed. It was found 
that adjusting the standard regimen according to pretreatment sensitivity 
tests would have had little influence on the overall success rate. This was 
because the rate of “ organizational failure ” (there was gross irregularity 
and 18% of the patients dropped out of the study) was many times higher 
than the rate of failure due to drug resistance. 
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How reliable are drug Susceptibility tests in routine 
practice ? : 


Two international meetings of leading specialists in the bacteriology 
of tuberculosis were organized by WHO (J, 2) to define the criteria of 
drug resistance and specify techniques for reliable drug sensitivity tests. 
The current situation with regard to reliability was summed up as 
follows : “The wide scale on which unreliable sensitivity tests are 
reported, even in technically advanced countries, gives cause for 
concern ” (2). 

Owing to the complexity of the technique, it is difficult to perform 
Sensitivity tests accurately even when skilled personnel is available and 
laboratory facilities are of a high standard. In countries where skilled 
manpower and adequate facilities for such tests are scarce, accuracy is 
even more difficult to attain. 

The standard of reliability of susceptibility tests was investigated by 
two reference laboratories. One study was carried out for the Public 
Health Laboratory Service of England and Wales by a reference labora- 
tory for tuberculosis bacteriology, currently responsible for confirmatory 
susceptibility tests (3). The laboratory re-tested 234 strains reported by 
local laboratories as being resistant, and the findings were compared 
(Table 1). As can be seen from the table, there was substantial dis- 
agreement between the findings of the local laboratories and those of the 
reference laboratory. A large proportion (50-70%) of the strains 
reported by the former to be resistant to streptomycin, PAS, or isoniazid 
was found, on re-testing, to be drug-sensitive, and only in a minority of 
strains were the results confirmed. The position was summed up by the 
investigator as follows : “‘ In most parts of the country, the diagnosis of 
resistance is more often wrong than right... ”. 


Table 1 
Standards of sensitivity testing in England and Wales (4) 


Local laboratory Reference laboratory 
Strains Strains Anonymous 
No. of resistant sensitive mycobacteria 
Strain resistant to : strains on retesting on retesting on retesting 
No. % No. % No. 4 
Streptomycin 82 3 37 41 50 11 13 
PAS 66 18 27 28 42 20 30 
Isoniazid 86 42 49 23 27 21 24 
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In the other study, the performance of sensitivity testing in the labora- 
tories of 43 hospitals of the US Veterans’ Administration was assessed (5). 
The hospitals were selected on the ground of having above-average 
laboratory standards. Strains were sent to the 43 laboratories by a 
reference laboratory for susceptibility testing, and the results were 


classified as follows : 


Consistently good .....- 23 
Adequate . <<. Gee sO? 
——— 


Thus a substantial proportion of laboratories of above-average standard 
did not show consistently reliable results. 

In a recent review of the current status of chemotherapy, it was stated 
that “ there are probably very few, if any, laboratories in the world that 
can perform reliable sensitivity tests ”’ (6). Clinical action on the basis 
of unreliable susceptibility tests can be harmful to the patient (see 
“What are the possible consequences of inaccurate drug-sensitivity 
testing ? ’’—page 175). 
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What are the possible Consequences of inaccurate drug- 
Sensitivity testing ? 


The consequences of inaccurate sensitivity testing may be as follows : 


Misclassification of strains 
Unnecessary changes of chemotherapy 
Use of reserve drugs, leading to: 
more toxicity 
less chance of cure 
more difficult management 
the need for hospitalization 
more laboratory work 
More staff needed 
Higher costs 


Resistant strains may be misclassified as sensitive, and vice versa. If 
Sensitive strains are reported as resistant, regimens may be changed 
unnecessarily and reserve drugs, if available, may be introduced. 
However, such drugs are usually more toxic, less effective, and more 
costly than the drugs used for primary chemotherapy (/). 

The management of patients receiving reserve drugs while ambulatory 
may become too difficult. Such patients often have to be hospitalized 
for a long time, which costs about twelve times as much as domiciliary 
treatment. More staff will be needed, in particular for the additional 
laboratory work required (repeated tests of kidney and liver function, 
blood examinations, and close bacteriological follow-up), and this will 
add to the cost of hospital treatment. Thus there may be a heavy drain 
on resources allocated to therapeutic services, merely as a consequence 
of inaccurate sensitivity tests. 

At a meeting of leading experts in the bacteriology of tuberculosis, it 
was stated that “ Indeed, a position may be reached where, paradoxically, 
sensitivity testing might even result in actual harm by leading to un- 
necessary changes of chemotherapy ... ” (2). 

It cannot be emphasized too often that, whatever the stage of develop- 
ment of a country’s laboratory services, no laboratory should embark 
on drug-sensitivity testing and re-treatment with reserve drugs for as long 
as there are deficiencies in case-finding and primary chemotherapy. In 
such cases, resources should be utilized rather to improve the treatment 
with standard chemotherapy of persons in whom tuberculosis has been 
newly diagnosed. That is still the most effective way of avoiding the 
development of drug resistance—a man-made problem. 
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When does chemotherapy fail ? 


Nowadays every tuberculosis patient has an excellent chance of being 
cured, especially if he has not received a long course of chemotherapy 
before. With such long-known routine regimens as PAS with isoniazid 
or thioacetazone with isoniazid, a level of success of the order of 90% 
can be achieved. If an initial intensive phase of chemotherapy can be 
added, the potential for success can be raised to 100%. Indeed, today, 
there is already a choice of so-called “ 100% regimens ” that can be used 
routinely (see “‘ What are two-phase chemotherapy and the so-called 
100% regimens ? ”’—page 130). 

However, in practice, the failure rate is still rather high, mainly for 
the following reasons : prescription of inadequate regimens, irregularity 
in taking drugs, premature cessation of drug-taking, drug toxicity, and 
initial drug resistance (J). 


Prescription of inadequate regimens 


The only regimens that should be prescribed are those that have been 
tried out successfully in controlled clinical studies—i.e., as regards not 
only the combination of drugs, but also their dosage, rhythm, and length 
of application. Any arbitrary alteration of such regimens, as well as 
any improvisation, must be strongly discouraged. 


Irregularity in taking drugs 


This is the most common cause of treatment failure. Particularly 
when drugs are self-administered, irregularity is unfortunately quite 
frequent, for reasons that are complex and difficult to control (see “‘ What 
is the significance of default ... ?”—page 211). 


Premature cessation of drug-taking 


Another common cause of failure is premature discontinuation of 
treatment, which may be due to operational shortcomings (such as bad 
planning of drug supplies), migration, or self-discharge from treatment. 
The reasons for self-discharge are similar to those for irregularity. 


Drug toxicity 


Drug toxicity can become a source of failure if adequate care is not 
taken in time. Especially in older patients, an episode of ee rr 
hypersensitivity can complicate the management of treatment. In suc 
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cases, if, e.g., for the purpose of desensitization, only one drug is given 
for too long a period, drug resistance may develop (see “ What are the 
most usual signs of drug hypersensitivity and procedures of desensitiz- 


ation ? ’—page 206). 


Initial drug resistance 


Among the reasons for failure, this is the least important. A study 
of the importance of pretreatment sensitivity tests has shown clearly 
that initial drug resistance caused only a small proportion of failures (2). 
Not only patients with primary drug resistance responded well to the 
standard treatment, but also those who had secondary drug resistance 
due to a course of incorrect treatment for a month or two. However, 
this does not necessarily apply to chronic patients with drug resistance 
resulting from previous long courses of inadequate chemotherapy, since 
such patients were not included in the study (see “‘ How relevant are 
initial drug resistance and pretreatment susceptibility tests ...?°— 


page 167). 
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How can the progress of treatment be monitored 
and treatment results be assessed ? 


The main method of monitoring the progress of treatment and assess- 


ing the final result is bacteriological examination. Radiological examin- 
ation also is often used. 


Assessment by bacteriology 


Bacteriological assessment is usually made by examining sputum by 
smear and by culture. The relative merits of both methods were inves- 
tigated with regard to their efficiency in providing the information needed. 

Sputum specimens were obtained from initially sputum-smear-positive 
patients during treatment and each was examined by direct smear and by 
culture every month. On comparing the results, four main patterns 
could be observed (Table 1). 


Table 1 
Results of examining sputum specimens by smear microscopy and by culture@ 


(1) ; (2) (3) (4) 
Smear Culture Smear Culture Smear Culture Smear Culture 


Month 
a ea RR ea 0 
1 +++ +4+4+ Ft ttt ttt +++ $44 444 
2 ++ +++ ++ ++ +++ +++ ++ ++ 
3 + ++ + + ++ +++ + + 
4 0 -- 0 + +++ ++ 0 + 
5 0 0 + + ++ +++ 0 0 
6 0 0 + ++ +++ ++ 0 0 
7 0 0 ++ ++ +++ +++ 0 0 
8 0 0 ++ +++ ++ +++ 0 0 
9 0 0 t+t+ +++ ¢4++ ++ 0 + 
10 0 0 +++ +++ ++ aS eG ++ 
11 0 0 ttt ttt +4+¢4- +4++ ++ +++ 
12 0 0 ttt ttt tte ttt ttt +++ 
temporary 
Response: ct hers ** fall and rise "’ no response response 


lasting negativity 


bacteriological bacteriological 


Bacteriological bacteriological bacteriological 


assessment at ulescence activity activity relapse 
12 months: % attained persists persists 
initiall initially 
ooteted susceptible Initially already susceptible 
c unknown and fully resistant, 
irrelevant or the patient ' 
very probably did not take the resistant | 


Eventual drug 
resistance: 


resistant 


prescribed drugs 


continued to 
take drugs, or 


cohtinicd possibly sensitive 
taking drugs If treatment 


was stopped 


* After Fox (4). 
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Pattern (1) is typical of progress in patients who eventually attain 
bacteriological quiescence. The culture remains positive for a month or 
two after the smears have become negative, but ultimately both smears 
and cultures are consistently negative. 

Pattern (2) is met with in patients who, after an initial decrease in 
the bacterial content of their sputum, again become heavily positive and 
remain so for the rest of their treatment with the same regimen. 

Pattern (3) shows consistently strong positivity throughout. 

Pattern (4) may be found in patients who show a favourable response, 
with several months of negativity. Then they become positive again, 
the culture becoming positive one or two months earlier* than the 
smear. Both subsequently remain positive. 

From Table 1, it is evident that, if culture results were not available, 
serial smears alone would clearly show all the different courses. Thus 
culture examinations in monitoring treatment are merely confirmatory. 
It is exceptional for patients receiving chemotherapy to be consistently 
negative on smear yet positive on culture : the patient who was smear- 
positive initially either attains culture negativity and quiescence of the 
disease or reverts to smear positivity. 

However, a laboratory report stating “ sputum not obtainable ”’ or 
“ patient does not expectorate ” by no means implies sputum-smear 
negativity. It is important not to be satisfied with such a laboratory report. 
In patients who, despite thorough instructions, do not produce sputum, 
tickling the throat with a laryngeal swab can provoke a clearing cough 
and sputum suitable for smear examination. 

From serial smears, it is also possible to predict the results of drug 
sensitivity tests with fairly high accuracy. Thus it may be said that the 
patient who has become consistently negative—i.e., has attained bacterio- 
logical quiescence—is clearly a therapeutic success. It is irrelevant 
whether his bacilli were initially resistant or what their sensitivity pattern 
was throughout the period of treatment. 

A patient whose serial smears follow pattern (2), which corresponds 
to the “ fall and rise” phenomenon (see “ What is the ‘fall and rise ’ 
phenomenon ?”—page 91), may be assumed to have organisms 
resistant to at least one drug of the regimen he is receiving. That is 
almost certain if he has been taking the drugs and is still positive after 
6 months of treatment. 

The patient who is consistently positive (pattern (3)) does not respond 
to treatment because he is probably resistant to one or more of the drugs 
of the regimen that he has been receiving. Consistent positivity right 


* However, it takes 4-8 weeks before macroscopic growth can be seen on the 
culture medium, and by that time the smears also have become positive. 
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from the beginning could also mean that the patient has been taking 
little or none of the drugs prescribed. 

The patient who, after having become negative (smear and culture) 
for a time, has reverted to Positivity (pattern (4)) is likely to be drug- 
resistant if he was taking the prescribed drugs when the relapse occurred. 
However, if the relapse occurred after adequate chemotherapy was com- 
pleted, there is a good chance that the organisms are still sensitive to the 
drugs he took (/). 

There is also evidence that the results of chemotherapy at 12 months 
can be predicted with confidence 6 months earlier. For example, when 
sputum smears are still positive after 6 months of treatment, it is unlikely 
that, with the same regimen, quiescence will occur at 12 months. On the 
other hand, when sputum smears are negative at 6 months, it is very 
likely that, if the same regimen is continued (and taken), quiescence will 
be achieved at 12 months. Such a prediction was correct in 90% of 
cases when based on a single smear result and in 92% on the basis of a 
single culture result (2). 


Assessment by radiography 


Serial radiophotography is still preferred by many physicians. 
However, as several studies have shown, it can be very misleading for 
assessing the progress and eventual results of treatment. 

Patients may show radiographic improvement and still discharge 
tubercle bacilli. On the other hand, those with bacteriologically quiescent 
disease—this being considered a therapeutic success—may be misclassified 
as failures because radiography still shows residual lesions including 
cavitation. Finally, a patient with persisting bacteriologically quiescent 
disease may show radiographic changes that are interpreted by expert 
assessors as evidence of deterioration. Thus, in one study, 112 patients 
with bacteriologically quiescent disease were followed up by bacteriology 
and radiography for 4 years. In 35 patients (31%), radiographic changes 
were Classified as a deterioration. In 12 patients (11%), an increase in 
Cavitation or the appearance of cavitation was recorded. Thus, assess- 
ment of treatment results based on radiographic changes alone can be 
utterly misleading (3). 


Assessment on the basis of the erythrocyte sedimentation rate (ESR) and 
weight changes 

The ESR is not a satisfactory method of assessing the progress or 
activity of disease in patients under chemotherapy. Too often, it has 
been found to be misleading because high values may be common in 
patients with quiescent disease. Also weight increases or decreases have 


little prognostic value. 


182 K. TOMAN 


Summary and conclusions 


A reliable and inexpensive method of assessing the results of chemo- 
therapy in initially sputum-smear-positive patients is examination by 
sputum-smear microscopy. In practice, this is a valuable guide in 
assessing progress or the attainment of bacteriological quiescence. 
Sputum smears have proved almost as informative as culture in moni- 
toring and assessing the effectiveness of treatment. However, it is not 
necessary to have the sputum examined every month. Two pretreatment 
specimens and, thereafter, one specimen every 3 months, or at least at 
the 6th and at the 12th month, should be examined in any large-scale 
treatment programme. 

Radiological and other criteria, such as the ESR and weight changes, 
have been found unsatisfactory for the follow-up of progress. The 
bacteriological method is the most reliable way to supervise and evaluate 
chemotherapy. This is quite logical, since chemotherapy is strictly anti- 
microbial treatment (see ” What is the biological mechanism of chemo- 
therapy ? ’’—page 77). 

Serial examination of smears and, if available, of cultures is also an 
efficient way of assessing the performance of treatment services. However, 
the patient benefits from bacteriological assessment only when, in the 
event of treatment failure, another course of treatment with an effective 
regimen can be provided to him. 
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How effective is short-course chemotherapy and what are its 


prospects ? 


After it became known that prolonged chemotherapy with two or 
more drugs can prevent treatment failure due to drug resistance, and that 
it takes 15-18 months of treatment to eliminate all viable organisms from 
the lungs of patients with cavitary tuberculosis (/), the general consensus 
was that chemotherapy must be of long duration. Most physicians 
agreed on a period of 18-24 months, but some advocated indefinitely 
prolonged chemotherapy or even chemotherapy for life (2). Only WHO 
suggested a minimum duration of one year as a priority of national 
tuberculosis programmes (3, 4). This recommendation was based mainly 
On cooperative studies of the Tuberculosis Chemotherapy Centre, 
Madras, showing that one year of adequate chemotherapy is highly 
effective and that gains from longer courses of treatment can only be 
small (see “ What were the main findings of the Madras study comparing 
home and sanatorium treatment ? ”—page 122). 

However, it soon became evident that the organization of regular 
chemotherapy for one year was beyond the capacity of the human and 
financial resources of the health services in most of the developing 
countries. Even the so-called 100% drug regimens (see ‘‘ What are two- 
phase chemotherapy and the so-called 100% regimens ?””—page 130) 
were successful in fewer than half of the cases under field conditions. 
The main reasons for these poor results were, as shown by analyses, 
the irregularity of drug-taking and the high drop-out rate (see “ What is 
the significance of default ...?”—page 211)—both increasing with 
the duration of treatment. The need for shorter regimens was 
obvious. 

There was already an indication that the high effectiveness of two- 
phase regimens (see “‘ What are two-phase chemotherapy and the so- 
called 100% regimens ?—page 130) was due largely to the intensive 
treatment given in the initial phase. Relevant information was obtained 
in a controlled trial carried out in Singapore (5). The regimen studied 
comprised isoniazid plus streptomycin daily for 6 months (intensive 
phase), followed by isoniazid alone for a further 12 or 18 months. Among 
114 patients so treated, only one was a bacteriological failure at the end 
of treatment and there was no relapse during a 3-year follow-up period. 
The investigators suggested that the efficacy of . this regimen may 
have been due mainly to the intensive administration of streptomycin 
with isoniazid, the isoniazid in the continuation phase contributing 


little. 
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Eventually, when rifampicin proved to be a unique drug with special 
sterilizing properties, it seemed justified to resume research into short- 
course chemothrapy, which in the past had been attempted without 
success.* 

A large cooperative research project was therefore set up in East 
Africa for the purpose of exploring short-course chemotherapy in depth. 


The first East African study (7-9) 


The regimens studied are listed in Table 1. The standard regimen 
for East Africa, consisting of streptomycin with thioacetazone and iso- 
niazid daily for 2 months, followed by thioacetazone and isoniazid daily 
for 16 months, was chosen as a control regimen. This regimen has proved 
to be of high efficacy and low toxicity in Africans (J0). Pyrazinamide 
was included in the trial because of its demonstrated efficacy in man 
(11, 12) and in mice (/3). Another consideration was that pyrazinamide 
might perhaps serve as an alternative drug to the more expensive rif- 
ampicin. The streptomycin-isoniazid—thioacetazone (SHT) regimen was 
included mainly because thioacetazone is widely used in Africa and is 
inexpensive, and the streptomycin-isoniazid (SH) regimen was chosen 
because it had been effective in Singapore (see above) and to find out 
to what extent the addition of a third drug contributed to the efficacy of 
the other three experimental regimens. All the patients admitted to the 
study had radiologically extensive disease and were positive by direct 
sputum smear microscopy. Nearly all of them had a positive smear from 
the first specimen examined. 


Table 1 
First East African study on short-course chemotherapy : 
Regimens 
Real s Duration 
egimen Drug combinations (months) 
6SHR streptomycin + Isoniazid + rifampicin 6 
6SHZ streptomycin + Isoniazid + pyrazinamide 6 
6SHT streptomycin + Isoniazid + thioacetazone 6 
6SH streptomycin + isoniazid 6 
18 ada: H streptomycin + Isoniazid + thioacetazone 2 
(control regimen) followed by Isoniazid + thioacetazone 16 


* Dosage: S (streptomycin), 1 g dally; H (isoniazid), 300 mg dally; R (rifampicin), 450- 
aan’ dally (depending on body weight) : Z toyrazinamide}, 29 dally He i Chicocstarowey: } 50 mg 


_% In the mid-1950s, the British Medical Research Council studied a short-course 
regimen of isoniazid and PAS, which produced an unacceptably high relapse rate. 
At that time, it seemed that short-course regimens had little prospect of realization (6). 
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The results of the study are shown in Table 2. 


Failures during treatment. At the completion of 6 months’ treatment, 
all four experimental regimens showed a very high sputum conversion 
rate. In fact, among the 690 patients assessed, there were only 2 failures. 

However, in contrast to the uniform results at the termination of 
treatment, relapse rates after treatment showed striking differences 
between the four short-course regimens (see Table 2). 


Table 2 


First East African study on short-course chemotherapy : 
Bacteriological failures during chemotherapy and bacteriological relapses 
after the cessation of chemotherapy 
(in patients with organisms sensitive before treatment) 2 


npn energie 


Bacteriological failures Bacteriological relapses after the cessation 
during treatment of chemotherapy 
Regimen No. of Failures No. of Relapses Month of relapses 
patients ——— patients ————— 

assessed No. Xx% assessed No. % 7-18 19-30 31-60 
6SHR 176 0 0 145 5 3 4 0 1 
6SHZ 180 0 0 153 13 8 13 0 — 
6SHT 154 0 0 104 23 22 20 3 = 
6SH 180 2 1 112 33 29 31 2 — 
18 STH/TH 146 5 3 125 3 2 _ 2 1 


(control regimen) 


* After East African/British Medical Research Council reports (7-9, 14). 


Relapses after treatment. A crucial criterion of success is the frequency 
of relapse after short-course chemotherapy has been stopped. Relapse 
was defined as the reappearance of culturable bacilli in the sputum after 
3 consecutive months of bacteriological quiescence. 

Among the four experimental regimens, those containing rifampicin 
or pyrazinamide were significantly superior (Table 2). The preptom any 
isoniazid-rifampicin (SHR) regimen produced relapses in only 3% of 
patients and the streptomycin-isoniazid—pyrazinamide (SHZ) regimen, 
in 8%. In contrast, the SHT regimen produced relapses in 22'% of cases 
and the SH regimen, in 29%. The control (18-month) regimen carried 
a relapse rate of 3%. Patients who received the short-course regimens 
containing rifampicin and those on the control regimen were followed 
up for 5 years ; the other series, for 30 months. 

Other important observations were as follows. 

(a) The great majority of relapses occurred within 6 months of the 
cessation of chemotherapy. The risk of late relapse was small (see 


Table 2). 
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(b) More than 90% of patients who relapsed had organisms sensitive 
to isoniazid and streptomycin. All 5 patients who relapsed after treatment 
with regimen SHR had fully sensitive organisms (/4). 

Thus relapse was not due to the emergence of drug resistance. Either 
the viable drug-sensitive organisms of the strain had not been fully 
eliminated or persistent (dormant) bacilli had revived (15) (see ‘‘ What is 
bacterial persistence ... ?”—page 204). 

The influence of pretreatment drug resistance on the efficacy of short- 
course chemotherapy is analysed later (see Table 5, page 188). 


The second East African study on short-course chemotherapy (16, 17, 30) 


It was clear, from the outset, that the regimens explored in the first 
East African study would be of little practical importance because they 
required daily injections of streptomycin for 6 months. Therefore 
further studies had to be undertaken to investigate regimens appropriate 
for application in the developing countries. The second East African 
study was designed to examine short-course regimens that could be 
administered orally or intermittently (see ““ What is intermittent chemo- 
therapy ... ?”’°—page 132). 

The four 6-month regimens studied are listed in Table 3. 


Table 3 
Second East African study on short-course chemotherapy : 
Regimens @ 
ee 
Regimen Drug combination Rhythm joked 
a ee ae 
1. SHR streptomycin + isoniazid + rifampicin daily 6 
2. HR isoniazid + rifampicin daily 6 
3. SHRZ/TH streptomycin + isoniazid + rifampicin + 
pyrazinamide daily 2 
then thioacetazone + isoniazid daily 4 
4. SHRZ/S,H2Z2 streptomycin + isoniazid + rifampicin + 
pyrazinamide daily 2 
then streptomycin + isoniazid + pyrazinamide twice 
weekly 4 


* Dosage : S (streptomycin), 1 g dally i.m. ; Sz, 1 g twice weekly |.m.; H (isoniazid), 300 
daily : Hz, 600-900 mg twice weekly’; R (rifampicin), 450-600 mg dally® ; Z (pyrazinami de 
1.5-2.0 g daily”; Z2, 3-4 g twice weekly °; T (thioacetazone), 150 mg daily. hae sala 


> The higher dose was given to patients weighing more than 50 kg. 


Regimens. The SHR regimen was identical with the most effective 
regimen of the first African study and served as a control. Regimen HR 
(isoniazid—rifampicin) was chosen because it was entirely oral and because 
it might indicate whether streptomycin appreciably contributed to the 
efficacy of the other regimens containing rifampicin and isoniazid. The 
remaining two regimens were included to find out whether an initial daily 
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phase of four drugs for 2 months would be sufficient if followed by two 
oral and inexpensive drugs—thioacetazone and isoniazid (TH)—daily or 
by three drugs (SHZ) twice weekly. Both regimens were expected to show 
whether the period of daily administration of rifampicin might be reduced 
from 6 months to 2 months. In view of the high cost of rifampicin, such 
reduction was considered to be of great importance. 

In this study, also, all patients had advanced disease, sputum from 
the very first specimen being positive by direct smear in nearly all cases. 


Results 


At 6 months, when chemotherapy was stopped, only 3 out of 
700 initially drug-sensitive patients showed an unfavourable bacterio- 
logical response (/6). The relapse rate after treatment in patients with 
drug-sensitive organisms before treatment was low with all four regimens 
(Table 4). Comparison of the HR and SHR regimens showed that the 
additional effect of streptomycin was small but Statistically significant. 


Table 4 


Second East African study on short-course chemotherapy : 
Bacteriological relapse during the 2 years following a 6-month course 
of chemotherapy in patients who were drug-sensitive before treatment 


lio: ok eubacte Bacteriological relapses 

Regimen assessed aaa 
SHR 171 ; : 
SHRZ 179 Ls } 
SHRZ/S2H2Z. 159 : : 


* After Second East African/British Medical Research Council Study (76). 
> One relapse with organisms resistant to isoniazid. All the other relapses were with 
organisms fully susceptible to isoniazid, streptomycin, and rifampicin. 


Table 5 shows the results in patients with pretreatment drug resistance. 
In order to assess the influence of initial drug resistance on the outcome 
of short-course chemotherapy, the findings of both East African studies 
have been amalgamated (/7). It is evident from Table 5 that, in patients 
with pretreatment resistance to isoniazid alone (the most frequent type 
cf drug resistance), the overall success rate was about 75%. In patients 
resistant to both isoniazid and streptomycin—fortunately an uncommon 
event—the success rate would be only about 50%. Initial resistance to 
streptomycin alone seemed to have no detectable influence on the ee 
of the regimens assessed. It was concluded that, in East African inet : 
with pretreatment drug resistance, about 70% did well on dye S 
chemotherapy. These findings are similar to those for soni c 54 
therapy of 12 months’ duration. It was further estimated t née i . 
patients under study had had susceptible organisms before treatment, 
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the total success rate would have been better by only 2% (see * How 
relevant are initial drug resistance and pretreatment susceptibility 


tests ... ?”’—page 167). 


Table 5 


First and second East African studies on short-course chemotherapy : 
Results at 24 months in patients with pretreatment drug resistance, treated with 
regimens containing rifampicin and/or pyrazinamide (HR, SHR, SHZ, SHRZ) (77) 
Re TE oa 


Failures during Relapses after 
Drug chemotherapy chemotherapy ered 
— Patient Patients rate 
3 atients 
assessed Fallures assessed Relapses (%) 
2 ee nl 
Isoniazid alone 53 2 48 10 24 
Streptomycin alone 17 0 14 0 0 
Isoniazid + 
streptomycin 15 5 10 2 53 


i 


Hong Kong short-course chemotherapy study (18) 


The purpose of the study was to try out regimens containing pyrazin- 
amide, such as SHZ, which was shown to be effective in the first East 
African study. Patients were randomly allocated to three regimens 
(SHZ daily, twice weekly, and thrice weekly), each of either 6 or 9 months’ 
duration (Table 6). The patients admitted to the study had extensive 
pulmonary tuberculosis. All were positive by direct smear microscopy, 
and in three-quarters of these cases the very first sputum specimen 
examined gave a positive result. 


Table 6 


Hong Kong study on short-course chemotherapy with streptomycin (S), 
isoniazid (H), and pyrazinamide (Z) : 


Regimens 
Regimen Duration 
gime Dosage Rhythm (months) 
SHZ $:0.75-1.09;H:300mg; Z:1.5-2.09° daily 649 
S3H;5Z; S: 0.75-1.0 9; H: 15 mg/kg; Z: 2.0-2.5 9° 3x weekly 649 
S2HeZ2 S : 0.75-1.0 9; H: 15 mg/kg; Z:3.0-3.59° 2x weekly 649 


* The higher dose was given to patients weighing over 50 kg. 


Results 


Failure during, treatment. In order to demonstrate the variations in 
the individual groups, the results were tabulated for each regimen 
separately, according to pretreatment drug susceptibility and the duration 


of treatment. All patients who had had treatment for 9 months were 
assessed also at 6 months (Table 7). 
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Table 7 


Hong Kong study on short-course chemotherapy : 
Bacteriological failures during 6-month or 9-month chemotherapy, 
according to pretreatment drug susceptibilitys 


Patients 
Patients treated who continued Estimated 
Deetiental for 6 months ° omtment total failure 
Regi up to 9 months rate durin 
susceptibility momen -__ chemotherapy 
Failures Failures © 
No. No. ed —— 
No. %& No. %& % 
SHZ 137 0 0 70 0 0 0 
Sensitive S3H3Z; 141 2 1 69 0 0 1 
$.H.2Z, 126 5 4 78 1 1 5 
SHZ 33 10 30 18 0 0 30 
Resistant ¢ S3Hs5Z; 41 15 37 21 1 5 42 
S.H,Z, 36 14 39 21 2 10 48 


* After Hong Kong Chest Service/British Medical Research Council (18). 

* Patients allocated to 9 months of chemotherapy were assessed also at 6 months. 
* Failures occurring in months 7, 8, and 9. 

* Drug resistance to isoniazid or streptomycin, or both. 


Among the initially drug-sensitive patients, there were no bacterio- 
logical failures during treatment in the daily SHZ series, 1% of failures 
in the thrice-weekly S;H,Z; series, and 5% in the twice-weekly S,H,Z, 
series (Table 7). 

The failure rate was high for all regimens among the 110 initially 
drug-resistant patients. 

Relapse after treatment. In contrast to the failure rates during 
treatment, rates of relapse after treatment were not influenced by the 
rhythm of the regimen or by initial drug resistance. Therefore the results 
could be amalgamated for easier tabulation (Table 8). 


Table 8 


Hong Kong study on short-course chemotherapy : 
Bacteriological relapse within 2 years of the cessation of chemotherapy 
of 6 or 9 months’ duration@ 


6 months’ chemotherapy 9 months’ chemotherapy 
Susceptibility —_ 


Regimen ore Total Relapses Total Relapses 

treatment assessed yy, % assessed 45. % 

SHZ sensitive 167 35 21 179 : 
Sree resistant 29 7 24 26 


* After Hong Kong Chest Service/British Medical Research Council (18). 
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As may be seen in Table 8, relapse rates varied markedly with the 
duration of treatment. They were high for all 6-month regimens, 
irrespective of pretreatment susceptibility and the rhythm of drug 
administration (daily or intermittently). However, in patients who were 
treated for 9 months, relapse rates were rather low. About four-fifths 
of relapses occurred within 6 months of the stopping of chemotherapy 
and all relapses were with strains fully sensitive to isoniazid and strepto- 
mycin—as observed in the East African studies. The relapses occurred 
during a follow-up period of 2 years after chemotherapy was stopped. 

Adverse reactions during treatment (18). Reactions were described as 
generally mild to moderate. Most of them were managed without any 
modification of the regimen or by a temporary interruption of treatment. 
Only 7% of the SHZ, 3% of the S;H3Z3, and 5% of the S,H,Z» patients 
had one or more drugs terminated. The main complaint was arthralgia, 
which occurred in 7% of the SHZ, 5% of the S;H;Z3, and 1% of the 
S,H,Z, patients. There were only two serious cases of side-effects : one 
patient developed exfoliative dermatitis and another became jaundiced. 
Both recovered. On the whole, pyrazinamide was less troublesome than 
might have been expected. 


Hong Kong study : comments and conclusions 


The study showed that only the 9-month regimens of streptomycin 
with isoniazid and pyrazinamide, given daily or 3 times a week to 
Chinese patients with newly diagnosed, drug-susceptible tuberculosis, 
achieved good results during 30 months of observation, with an acceptable 
incidence of adverse reactions. Results with the other regimens, particu- 
larly the 6-month regimens, were markedly inferior. 

The study provided evidence that intermittent regimens from the 
outset of treatment without using rifampicin can be an effective form of 
short-course chemotherapy. 

However, the rate of initial drug resistance in the Hong Kong study 
was unusually high : 21% of the 586 patients, compared with 9% in the 
East African studies. Even patients with streptomycin-resistant organisms 
had a high overall failure rate, in contrast to the East African studies, 
where initial streptomycin resistance seemed to have no influence on the 
results. Nevertheless, when treatment failure rates were not calculated 
separately for initially sensitive or resistant patients but for the study 
population as a whole, the rates estimated for the 9-month regimens 
were : SHZ, 13% ; S3H3Z,, 15% ; and S,H2Zs, 18%. These failure rates, 
compared with those in initially drug-susceptible patients, were only 
7-8% worse (30). 
rB Furthermore, the findings showed that the combination of strepto- 
mycin and pyrazinamide was not effective in preventing the emergence 
of drug resistance during treatment, since mutant bacilli resistant to one 
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of these drugs may not be inhibited by the other. This is probably because 
streptomycin (but not pyrazinamide) is active against tubercle bacilli in 
an alkaline or neutral environment, whereas pyrazinamide is active in 
an acid environment and Streptomycin is not (see ‘“‘ What are the 
bactericidal and sterilizing mechanisms of short-course regimens ? ”— 
page 200). 

However, the study confirmed that pyrazinamide effectively eliminates 
fully susceptible strains. Relapse rates were low with all three 9-month 
regimens. This was taken as evidence that pyrazinamide was the drug 
that contributed most to the sterilizing activity of these regimens. 

New studies (see page 196) are under way to find out whether the 
addition of a limited quantity of rifampicin will improve the results of 
short-course regimens containing pyrazinamide also in patients with levels 
of pretreatment drug resistance as high as those observed in the Hong 
Kong study. 


Other short-course chemotherapy trials 


Investigations on short-course regimens, all containing rifampicin, 
have been reported from a number of countries. Some of the larger 
studies with results after 2 years of follow-up will be mentioned. 

Argentina. This study (J9) compared two 6-month regimens of 
isoniazid plus rifampicin. Patients were randomly allocated to isoniazid 
(500 mg) plus rifampicin (600 mg) daily throughout, or to isoniazid 
(500 mg) plus rifampicin (600 mg) daily for 2 months followed by 
isoniazid (1 g) plus rifampicin (600 mg) twice weekly for 4 months. All 
patients, at admission, had sputum positive by direct smear microscopy 
and organisms sensitive to isoniazid. 

The results were classified as equally good in both groups. The 
Proportion of relapses with the daily regimen was 1%, and with the 
intermittent regimen, 3%. The toxicity rate with the latter was very low 
and the author ascribes this finding to the relatively low dose of rifampicin. 
Compared with the daily regimen, which required 180 doses of rifampicin, 
the intermittent regimen needed only 96 doses. In that way, the quantity 
of rifampicin could be reduced to almost one-half. a 

Brazil. In this study (20), all patients received rifampicin (600 mg) 
plus isoniazid (500 mg) and ethambutol (1.2 g) daily for 6 months. 
One-half received fully supervised treatment in hospital throughout ; 
the other half were admitted for only about 2.5 months and continued 
for the rest of the period on ambulatory, self-administered chemotherapy. 
All patients admitted to the study had advanced pulmonary tuberculosis 
with sputum positive by direct smear microscopy and by culture. 

The results were similar in both groups and were therefore pooled. 
The authors expressed the opinion that entirely self-administered chemo- 
therapy would have been equally successful. The overall success rate 
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was 96%. Among 30 patients of whom one-half had resistant organisms 
before treatment and the other half had no sensitivity tests performed, 
there was only one relapse. It remains doubtful whether the addition of 
ethambutol was of appreciable value. 

France. A cooperative study in France (2/, 22)—see Table 9— 
investigated regimens of 6, 9, and 12 months with rifampicin (600 mg) 
plus isoniazid (450 mg), supplemented during the first 3 months with 
streptomycin (1 g) or ethambutol (1 g), all drugs being given daily. 
Streptomycin and ethambutol were not allocated at random but according 
to the preference of the physicians in charge. All patients admitted to 
the study had bacteriologically confirmed tuberculosis positive by direct 
smear microscopy and by culture, with organisms sensitive to isoniazid 
and rifampicin. 


Table 9 


Short-course chemotherapy studies in Argentina, Brazil, France, 
and the United Kingdom 


SS 


No. of Relapse Follow-up 
Country Regimen Duration 
patients rate period 
of study (months) — assessed (%) (months) 
ee ee eee SS menace 
Argentina (19) HR < HR, : os J re 
Brazil (20) EHR 6 114 4 24 
6 66 4 30 
France (21, 22) STA > HR 9 74 0 27 
12 69 0 24 
6 160 5 27 
United SHR 9 135 0 24 
Kingdom (23, 24) EHR > HR 12 155 ‘ 21 
18 125 0 15 


The results were described as excellent. There were 4% of failures 
due to relapse in the 6-month series and none in the 9-month and 
12-month series. The relapses occurred late (one 18 months and two 
27 months after the end of chemotherapy). Whether giving the third drug 
additionally for 3 months contributed to the high level of success remains 
doubtful. 

United Kingdom. A large cooperative investigation organized by the 
British Thoracic and Tuberculosis Association (23, 24) studied daily 
regimens of various durations. All regimens included isoniazid (300 mg) 
and rifampicin (450-600 * mg), supplemented in the first 2 months by 
ethambutol (25 mg per kg of body weight) or streptomycin (0.75 g i.m.). 


Patients over 60 years of age received ethambutol instead of streptomycin 
as a third drug. 


@ The higher dose was given to patients weighing more than 50 kg. 
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Depending on the radiographic findings at admission to the study, 
patients were allocated to regimens of differing durations. Those with 
cavities larger than 2 cm in diameter were treated at random for 9 or 
18 months. Patients with smaller or no cavities were treated for 6 or 
12 months. All patients, at admission to the study, had culture-positive 
sputum and had not received more than 2 weeks of antituberculosis 
therapy previously. 

There were only 10 relapses among 575 patients: 8 (5%) in the 
6-month series and 2 (1%) in the 12-month series. No relapses were 
observed in the 9-month and 18-month groups. In contrast to the East 
African and Hong Kong studies, the relapses were distributed evenly 
throughout the 18 months following the cessation of chemotherapy. Of 
the 8 relapsed patients of the 6-month group, 4 were known to have taken 
their drugs irregularly. Thus the relapse rate in this group of patients 
might have been substantially lower. 

All relapses occurred with organisms fully sensitive to all four drugs 
used in the study. The investigators found that factors such as the 
presence of cavitation or whether streptomycin or ethambutol was given 
as a third drug influenced neither the speed of conversion nor the relapse 
rate. They concluded that 9 months of daily chemotherapy with rif- 
ampicin plus isoniazid, supplemented by ethambutol (25 mg/kg) in 
the first 2 months should become a standard regimen for the United 
Kingdom. 


Minimum duration of short-course chemotherapy and minimum number of 
doses 
The benefits resulting from curtailing the conventional duration of 
chemotherapy from the original 18 or 24 months to 9 or 6 months are 
obvious. Yet in rural communities, particularly in developing countries, 
it is difficult to ensure that patients take their drugs regularly even for 
only 6 months. Also in urban conditions, where a large proportion of 
tuberculosis patients belong to the underprivileged and fluctuating part 
of the population suffering from alcoholism and problems of social 
maladjustment, only supervised chemotherapy of very short duration 
has a chance of success. Another important problem is the high cost of 
rifampicin, which also makes it desirable either to shorten the duration 
of treatment to less than 6 months or, at least, to reduce the number of 
doses. Thus there is an obvious justification for seeking shorter and less 
expensive regimens. 
ve the La of such considerations, a French research group (25) 
studied a 3-month regimen of rifampicin (1.2 g) plus isoniazid (900 mg), 
given either daily or 3 times weekly. Both regimens were supplemented 
with streptomycin (1 g) daily. All patients had bacteriologically confirmed 
disease of moderate or large extent. There were 7 (15%) relapses among 
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47 patients of the daily series and 5 (11%) of 44 patients in the intermittent 
series. There was no treatment failure during the 3 months of chemo- 
therapy. 

The authors did not find any statistically significant difference between 
the results of the two regimens (the number of patients admitted to the 
study was rather small). Yet, apart from the 12 relapses, cure was 
achieved in at least 85% of patients with advanced disease followed up 
for 2 years or more. Perhaps the regimen could be strengthened by 
adding pyrazinamide or by extending its duration by a few weeks. 

An indication that the total number of doses could be further reduced 
was found in two studies on intermittent regimens containing rifampicin 
and isoniazid (see ‘* What was the efficacy of primary intermittent chemo- 
therapy ... ?”—page 137). Though both studies were concerned with 
regimens of long duration (1 year or more), certain findings were of 
relevance to short-course chemotherapy. 

A study in the German Democratic Republic (26) investigated once- 
weekly isoniazid plus rifampicin without and with a daily initial phase 
of both drugs for 4 weeks (see also “* What was the efficacy of primary 
intermittent chemotherapy ... ?”—page 137). The total duration of 
treatment was 52 weeks. All patients had culture-positive cavitary 
tuberculosis with drug-sensitive organisms. 

The overall success rate was high: about 95%. The investigators 
found that the initial daily phase offered no detectable advantage. The 
dose of rifampicin of 15 mg per kg of body weight once weekly was 
considered to be sufficient, producing a manageable proportion of “ flu ”’ 
reactions. The latter increased substantia'ly af er 1¢ weeks of chemo- 
therapy. The authors therefore recommend that :1fampicin should not 
be given for longer than 4 months, afer whici: it could be replaced by 
streptomycin. At this juncture, bacteriological conversion would have 
been achieved in about 95% and the side-effects from rifampicin would 
have occurred in only 4-8% of patients. The total number of doses with 
an initial daily phase of 4 weeks was 75; without a daily phase, only 
52 doses were needed. This important finding was supported by the 
following investigation. 

_ A study, undertaken in Singapore (27-29), compared once-weekly 
with twice-weekly rifampicin (600 or 900 mg per kg of body weight) plus 
15 mg of isoniazid per kg of body weight (see also “*‘ What was the 
efficacy of primary intermittent chemotherapy ... ?’—page 137). Both 
regimens included an initial phase of isoniazid with streptomycin and 
rifampicin given daily for only 2 weeks. At admission, all 481 patients 
had sputum positive for tubercle bacilli on direct smear examination, 
confirmed by culture. 

At 12 months, the bacteriological conversion rate of the once-weekly 
regimens was 94% on the average. Only one failure (1%) during treat- 
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ment occurred in the twice-weekly series. All 13 patients who failed 
during chemotherapy were rapid acetylators of isoniazid.* The relapse 
rate so far—i.e., within 2 years—has been very low : only 2 bacteriological 
relapses have occurred in over 400 patients followed up. 

An important finding was that a high level of success could be 
achieved by the once-weekly regimens—i.e., with as few as 64 doses. On 
the basis of this finding, the investigators concluded that the development 
of a 50-dose regimen of 3-4 months’ duration has excellent prospects (30). 


Concluding remarks 


To reduce the duration of chemotherapy and the number of doses to 
the minimum is necessary for developed as well as for developing 
countries. The advantages of short-course chemotherapy are obvious : 
the smaller the quantity of drugs required and the shorter the duration 
of treatment, the greater the convenience to the patient and the better 
the chance that he will cooperate. Further benefits are : a smaller risk 
of chronic drug toxicity and reduced inputs in terms of money, treatment 
facilities, and health personnel. This is of special importance for 
countries where skilled manpower is scarce and where the import of 
drugs is limited owing to the restricted reserves of foreign currency. 

However, apart from curtailing the number of drug doses and the 
duration of treatment, there are yet other problems to be solved. These 
include the need for short-course regimens that can be applied successfully 
in populations with a high frequency of initial drug resistance without 
preliminary screening by pretreatment susceptibility tests. This is all 
the more important as these tests are known to be unreliable (see “ How 
relevant are initial drug resistance and pretreatment susceptibility 
tests ... ?””—page 167). Reliable routine sensitivity testing is at present 
performed only in a few laboratories (30), all of which are located in 
places where initial resistance is negligible. 

There is still more to be learned about the need for and length of an 
initial intensive phase, and about intermittency from the very start or in 
the continuation phase of short-course chemotherapy. it also remains 
to be explored how to reduce the side-effects of rifampicin given inter- 
mittently and to find regimens that do not include this drug. The role 
of pyrazinamide in short-course chemotherapy also needs to be elucidated 
by further study. 

To that end, two large trials, each covering about 1000 patients, have 
been launched : the third East African trial and the second Hong Kong 
study. Preliminary results (at 6 months after the completion of chemo- 


therapy) were reported recently. 
@ The total number of rapid acetylators of isoniazid was 310. The remaining 


117 patients were slow acetylators ; none of these failed during treatment (see “What 
is rapid inactivation (acetylation) of isoniazid. ..’’ ?—page 148). 
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Both trials are studying the effect of pyrazinamide as a companion 
drug to isoniazid, rifampicin, and streptomycin in the initial daily or 
thrice-weekly phase and without rifampicin in the continuation phase. 
Rifampicin is given only in the initial phase (30 or 60 doses), in order 
to reduce adverse reactions, particularly the “ flu syndrome”, which 
occurs more frequently when the drug is given intermittently and for 
longer than 4 months. 

The third East African trial (31). The following regimens were 
allocated at random. 


2SHRZ/TH streptomycin, isoniazid, rifampicin, and pyrazin- 
amide daily for 2 months, followed by thio- 
acetazone and isoniazid daily 


ISHRZ/TH the same regimen, but with a 1-month intensive 
phase only 


ISHRZ/S,H,Z, the same 1-month initial phase, followed by 
streptomycin, isoniazid, and pyrazinamide twice 
weekly 


2SHR/TH the same regimen as the first without pyrazinamide, 
in order to measure its additional effect. 


All regimens were given for 6 or 8 months, at random. With the 8-month 
regimens, isoniazid and thioacetazone were given daily during the 
seventh and eighth months. 

The results during chemotherapy in patients with initially susceptible 
organisms were excellent with all four regimens. The regimens containing 
pyrazinamide produced culture negativity faster than those without this 
drug. Relapse rates during the 6 months following the end of treatment 
were 7-15% with the 6-month regimen and 0-5% with the 8-month 
regimen. Initial resistance to isoniazid caused treatment failure in about 
20% of cases. Adverse reactions were very infrequent: only 1% of 
patients had to have their regimens modified or stopped for 7 days or 
more, 

The second Hong Kong/British Medical Research Council study (32). 
The following regimens were allocated at random. 


SHR streptomycin, isoniazid, and rifampicin daily 
for 6 months 

SHRZ/S,H2Z, streptomycin, isoniazid, and pyrazinamide, with 
rifampicin, daily for 2 months; then without 
rifampicin, twice weekly 

SHRE/S,H,E, the same regimen as the second, except that the 
pyrazinamide was replaced by ethambutol 
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SsHsR3Z3/S3H.Z, a regimen similar to the second, but in the initial 
phase the four drugs are given thrice weekly for 
4 months. 


The duration of the last three regimens was 6 or 8 months, at random. 

There was only one failure during chemotherapy. Relapse rates during 
the 6 months after the cessation of treatment were low with regimens not 
containing ethambutol (3-5% with 6-month regimens and 1-2% with 
8-month regimens). Regimens with ethambutol, however, showed a high 
relapse rate (18% and 9%, respectively). Drug toxicity was not a special 
problem. 

The findings confirm that pyrazinamide is an important drug in short- 
course chemotherapy and that it cannot be adequately replaced by 
ethambutol. The 8-month regimens were more effective than those 
lasting 6 months. 

Isolated positive cultures after the termination of chemotherapy. As 
already observed with long-term chemotherapy, 14-16% of patients who 
had achieved bacteriological quiescence later yielded isolated positive 
cultures. Nevertheless, these patients almost invariably remained cured. 
So far, there is no regimen able to kill all tubercle bacilli in all patients. 
However, after good chemotherapy, isolated positive cultures—usually 
consisting of only a few colonies—do not mean that a relapse has 
occurred, nor do they carry a bad prognosis (8, 24). 

In any case, there is no lon ger a rational basis for the administration of 
chemotherapy for a period longer than that which has been proved by 
controlled studies to be adequate. There is, however, a tendency to 
prolong treatment as a precautionary measure in an attempt to further 
reduce the probability of relapse. For example, by treating 100 patients 
for, say, 9 or 12 months instead of 6 months, perhaps 2-5 relapses may 
be prevented. This benefit cannot be taken at its face value, but must 
be balanced against the penalty imposed on the 95-98% of patients who 
are treated unnecessarily and are thus needlessly exposed to the risks of 
toxicity—quite apart from the waste of resources. Moreover, these 
relapses are nearly always with fully drug-sensitive organisms, and can 
be readily and successfully re-treated with a standard drug regimen (33). 

Practical considerations. Even when ail technological difficulties have 
been overcome, many questions concerning the feasibility of short-course 
chemotherapy on a national scale in developing countries remain to be 
answered. These questions, however, are mainly of a nonmedical nature. 
Yet they are crucial because they are closely related to the social and 
cultural structures of the communities concerned, their economies, and 
their health care delivery systems. Thus a series of operational studies 
may be needed to obtain solutions that could be adapted to the varying 


situations in these countries. 
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It is beyond doubt that, once short-course chemotherapy is universally 


practised, it will be of great benefit to tuberculosis patients and substan- 
tially improve the global trend of the disease. 


REFERENCES 


. Srewart, S. M. eT AL. Tubercle, 37: 388 (1956) 
. Lancet, 2: 237 (1953) 


WHO Technical Report Series, No. 290, 1964 (Eighth report of the WHO 
Expert Committee on Tuberculosis) 


WHO Technical Report Series, No. 552, 1974 (Ninth report of the WHO Expert 
Committee on Tuberculosis) 


. SINGAPORE TUBERCULOSIS SERVICES / BROMPTON HospiTAL / BrrrisH MEDICAL 


RESEARCH COUNCIL INVESTIGATION. Tubercle, 55: 251 (1974) 


Great BRITAIN, MEDICAL RESEARCH COUNCIL TUBERCULOSIS CHEMOTHERAPY 
Trias Committee. Tubercle, 43: 201 (1962) 


East AFRICAN / BritTisH MEDICAL RESEARCH COUNCILS. Lancet, 1: 1079 (1972) 


8. East AFRICAN / British MEDICAL ReseARCH COUNCILS. Lancet, 1: 1331 (1973) 


yay? 


ya Hs 


. East AFRICAN / British MEDICAL RESEARCH COUNCILS. Lancet, 2: 237 (1974) 
. Kent, P. W. et Av. Tubercle, 51: 24 (1970) 
_ McDermott, W. ET AL. American review of tuberculosis and pulmonary diseases, 


69 : 319 (1954) 


. SUNAHARA, S. Bulletin of the In:ernational Union against Tuberculosis, 43 : 316 


(1970) 


. GRUMBACH, F. Annales de l'Institut Pasteur de Lille, 94: 694 (1958) 
. East AFRICAN / BRITISH MEDICAL RESEARCH COUNCIL STUDY. American review 


of respiratory diseases, 116: 3 (1977) 


. Fox, W. & Mitcuison, A. D. American review of respiratory diseases, 111 : 325 


(1975) 


. SECOND East AFRICAN / BRITISH MEDICAL RESEARCH COUNCIL STUDY. American 


review of respiratory diseases, 114: 471 (1976) 


. Jinpant, A. Bulletin of the International Union against Tuberculosis, 51: 53 


(1976) 


. Honc Kono CuesTt SERVICE / BRITISH MEDICAL RESEARCH COUNCIL. American 


review of respiratory diseases, 115: 727 (1977) 


. Dupra, F. A. Bulletin of the International Union against Tuberculosis, 51: 61 


(1976) 


. Poppe DE FIGUEIREDO, F. ET AL. Bulletin of the International Union against 


Tuberculosis, 49 : 382 (1974) 


a, G. ET AL. Revue francaise des maladies respiratoires, vol. 5, suppl. 1 


a G. Bulletin of the International Union against Tuberculosis, 49 : 369 
) 


Te Poa we 


7 
: 
: 
i 
: 


a 


24. 
25. 


26. 


22. 


28. 


29. 


30. 
ah. 
32. 
Kan 


TUBERCULOSIS CHEMOTHERAPY 199 


ANGEL, J. A. ET AL. Bulletin of the International Union against Tuberculosis, 
51: 57 (1976) 


BRITISH THORACIC AND TUBERCULOSIS ASSOCIATION. Lancet, 2: 1102 (1976) 


Kreis, B. & Pretet, S. Bulletin of the International Union against Tuberculosis, 
51: 71 (1976) 


Euie, H. er at. Bulletin of the International Union against Tuberculosis, 51: 115 
(1976) 


Lest, S. K. Bulletin of the International Union against Tuberculosis, 51: 109 
(1976) 


SINGAPORE TUBERCULOSIS SERVICE / British MepDICAL RESEARCH COUNCIL. 
Lancet, 2: 1105 (1975) 


SINGAPORE TUBERCULOSIS SERVICE / British MeEpIcAL RESEARCH COUNCIL. 
American review of respiratory diseases, 116 : 807 (1977) 


Fox, W. Proceedings of the Royal Society of Medicine, 70: 4 (1977) 
GiRLING, D. J. Tubercle, 59 : 65 (1978) 
PanG, S. C. Tubercle, 59: 64 (1978) 


HONG KONG TUBERCULOSIS TREATMENT SERVICES AND EAST AFRICAN AND BRITISH 
MEDICAL RESEARCH Councits. Lancet, 1: 162 (1976) 


200 K. TOMAN 


What are the bactericidal and sterilizing mechanisms of 
short-course regimens ? 

The development of short-course chemotherapy has helped to explain 
the antimicrobial action of certain drugs. Much information has been 
derived from in vitro and animal experiments and from well-conducted 
clinical trials. However, the basic immune process and the biochemical 
dynamics are far too complex to be simulated in the available experimental 
models. Thus some of the present hypotheses require substantiation by 
further evidence. Nevertheless, it has been possible, on the basis of 
existing knowledge, to develop a working hypothesis for selecting effective 
drug combinations and short-course regimens (see also “ How effective 
is short-course chemotherapy and what are its prospects ? ”’—page 183). 
A comprehensive review of the current status of short-course chemo- 
therapy has been made recently (/). 

The drugs that have been investigated with a view to short-course 
chemotherapy are isoniazid, rifampicin, pyrazinamide, streptomycin, and 
ethambutol. Their antibacterial activity should be considered from two 
angles : 

(a) the killing of actively growing bacilli (in the phase of rapid 
multiplication and uninhibited metabolic activity) and 

(b) the sterilization of persisting bacilli—i.e., metabolically inhibited 
organisms in a quasi dormant state (see also “‘ What is bacterial 
persistence and how does it affect the chemotherapy of tuberculosis ?” 
—page 204). 

A bacterial population may contain four kinds of organism that vary 
in their metabolism and react differently to chemotherapy. Group A 
consists of metabolically active, continuously growing bacilli, which are 
to be found, for instance, in cavity walls where the pH is neutral. These 
are easily killed by isoniazid, rifampicin, and streptomycin. Group B 
contains organisms that are dormant most of the time, occasionally 
growing for very short periods during which only rifampicin can kill 
them. Group C contains bacilli found mainly inside cells ; their growth 
is largely inhibited by intracellular acidity, which makes pyrazinamide 
most effective. Group D contains fully dormant bacilli not affected by 
any drug. These usually die off and rarely cause relapse. It is mainly B 
and C organisms persisting in a temporarily dormant state that cause 
relapse. Thus it is essential to destroy them. 


Sterilizing activity of various drug combinations: a brief review of 
experimental findings 


Evidence of the bactericidal and sterilizing effect of drugs on M. 
tuberculosis has been obtained mainly from systematic studies by research 
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groups at the Pasteur Institute, Paris (2), and at Cornell University (3). 
The animal model used was the experimentally infected mouse. Though 
certain important features were at variance with those found in man, the 
murine model was considered to be useful. Reference will be made chiefly 
to findings that appear to be relevant to the chemotherapy of human 
tuberculosis.* 

An important experimental finding was that effective chemotherapy 
is a biphasic antibacterial process, early killing occurring in the first phase 
and sterilization in the second. While these two phases are clearly 
demarcated in the mouse, such a temporal distinction is hardly demon- 
strable in man. There was also evidence that, the more rapid the initial 
bactericidal effect on susceptible organisms, the less likely are persisters 
to emerge. Regimens containing rifampicin and pyrazinamide eliminate 
susceptible bacilli sooner and more lastingly than other regimens. This 
was confirmed clinically in the first East African and subsequent short- 
course chemotherapy trials (see ‘‘ How effective is short-course chemo- 
therapy ... ?”’—page 183). 

A number of tentative conclusions may be drawn from the murine 
model as regards the sterilizing potency of certain drug regimens : 


1. Isoniazid ° with ethambutol was the regimen least capable of steril- 
izing, because the effect of ethambutol was essentially only bacteriostatic 
(4,5). That finding seemed to be consistent with the results of a controlled 
clinical study on various regimens containing these two drugs. The 
relapse rate with this regimen given for 12 months daily was 9% ; given 
twice weekly, 16%, and once weekly, 25%. The initial phase for all 
regimens was streptomycin with isoniazid and ethambutol for 2 weeks (6). 


2. Isoniazid with rifampicin emerged as the most effective sterilizing 
regimen, rifampicin appearing to be mainly responsible for the sterilizing 
activity. When mice were treated for an initial period with isoniazid and 
rifampicin, and subsequently with isoniazid, streptomycin, or rifampicin 
alone, rifampicin was the only drug capable of sterilizing the lungs and 
preventing ultimate relapse. Nevertheless, the rifampicin serum level 
needed to be three times as high as that achieved in man. 
3. Pyrazinamide in a high dosage also had a sterilizing effect in mice— 
perhaps even superior to that of rifampicin. 
4. Streptomycin, if added to rifampicin with isoniazid, produced no 
appreciable extra benefit (in the mouse). 7 
Certain findings in the mouse contrast with those in the guinea-pig, 
in vitro, and in man—largely because, in the mouse, most bacilli grow 


@ The sterilizing effect of rifampicin and pyrazinamide in experimental short- 
course chemotherapy has recently been evaluated by Grosset (7). 


> Isoniazid is inactivated very rapidly in the mouse (7). 
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virtually inside macrophages (i.¢., in an acid environment), whereas in 
the guinea-pig they are mostly to be found in an alkaline, extracellular 
environment. Therefore streptomycin appears to be more effective in the 
guinea-pig than in the mouse while pyrazinamide in high dosage is highly 
active in the mouse and does not act in the guinea-pig. However, in 
order to achieve the maximum efficacy, serum levels of pyrazinamide in 
the mouse may have to reach values 5-10 times as high as those tolerated 
in man (7). While the immune system of the mouse is more dependent 
on a low pO,’ and acidity, in the guinea-pig other mechanisms are more 
important and less pH-dependent. In man, the range of the environ- 
mental pH is much wider than it is in either the mouse or the guinea-pig, 
and the immune system is intermediate between those of the mouse and 
guinea-pig, but closer to that of the mouse.” 

In summary, the key concept of short-course chemotherapy is based 
on the experimental finding that effective chemotherapy is an antibacterial 
process involving two phases : one of early killing and another of steril- 
ization. Studies of experimental tuberculosis indicate that, in the early 
bactericidal phase of treatment, most antituberculosis drugs are effective. 
In the sterilizing phase, only rifampicin and pyrazinamide have been 
shown to have the desired effect, particularly when given in combination 
with isoniazid (4). 

The sterilizing activity of pyrazinamide in the second phase of treat- 
ment is explained as follows. After the first bactericidal phase, the initial 
bacillary population has been reduced to a small number of survivors. 
These usually persist in acid intracellular sites. Increasing acidity slows 
down the growth rate and at the same time increases the activity of 
pyrazinamide. This drug is now able to kill intracellular persisting bacilli, 
which would remain unaffected by other drugs. 

The sterilizing activity of rifampicin seems to have a more complicated 
mechanism. Like isoniazid, rifampicin is experimentally less active 
against slowly growing organisms in vitro. The most probable explanation 
for the sterilizing action of rifampicin is the unique speed at which it 
attacks dormant bacilli that start growing. Dormant bacilli, after having 
survived the bactericidal phase of treatment, sometimes start growing 
again in sudden bursts of multiplication lasting perhaps only a few hours. 
Within this short period, rifampicin is capable of killing such organisms, 


_ @ Oxygen pressure. It is likely that dormant bacilli survive in macrophages or 
in areas of necrotic tissue without communication with an open bronchus. In such 
conditions, the pOg is lowered and thus limits bacterial growth. 


» For a number of reasons, briefly mentioned before, the mouse is at a disad- 
vantage compared with man. Experimental tuberculosis in mice is generally more 
difficult to treat than tuberculosis in man. Therefore many experimental workers 


find the murine model to be valuable, hoping that what can be achi i 
may also be achieved in man (7). ae achieved in the mouse 
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but this cannot be done by other drugs because they need much more 
time to act effectively. Thus, any persisting dormant Organisms that start 
growing for short periods are killed only by rifampicin (4). 

In short, pyrazinamide and rifampicin may act by different mechan- 
isms that seem to have a synergistic effect experimentally. After the 
bactericidal phase of treatment, these drugs are capable of killing 
surviving persisters—i.e., of sterilizing tuberculous lesions and thus 
preventing relapse. Though these findings are of considerable value for 
the development of short-course regimens, caution in extrapolating the 
findings to man is recommended. 


Final remarks 


The success of chemotherapy is endangered mainly by two events: 
in conventional, long-term chemotherapy, the main concern is that drug 
resistance may develop during treatment ; in short-course chemotherapy, 
relapse may occur after the cessation of treatment. 

Drug resistance is due to the survival and multiplication of non- 
susceptible mutants, whereas relapse results from the survival and 
multiplication of susceptible organisms including persisters. Failure 
owing to drug resistance may be prevented by drug combinations that kill 
resistant mutants. 

Relapse may be prevented either by continuing chemotherapy for a 
long time or by short-course chemotherapy with sterilizing regimens— 
i.e., those that kill also persisters. Drugs that prevent drug resistance do 
not necessarily prevent relapse. The more quickly persisters can be killed, 
the shorter the duration of chemotherapy may be. 
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What is bacterial persistence and how does it affect the 
chemotherapy of tuberculosis ? 


Bacterial persistence is a phenomenon of special pathogenetic and 
therapeutic importance. Jn vitro and in vivo laboratory experiments have 
shown that bactericidal drugs such as isoniazid and streptomycin kill 
tubercle bacilli only when they are in the multiplication phase. When 
the bacilli are at a stage of low metabolic activity—i.e., when bacterial 
growth has almost come to a ‘standstill* and the organisms are 
“ dormant "—they are not killed by otherwise bactericidal drugs. Such 
organisms are referred to as “ persisters ”’. Though they may survive in 
the presence of drugs, behaving as if they were drug-resistant, they are 
in fact susceptible to the drugs. Thus, if for some reason these organisms 
regained their ability to multiply freely, they would be killed by the very 
drugs that had not harmed them before. 

Little is known of how tubercle bacilli in human lesions become 
dormant, but it has been found that they may persist in such form for 
months or even years. These bacteria may die of inanition, but sometimes 
they may suddenly start to multiply. When dormant bacilli again become 
metabolically active and start multiplying during effective chemotherapy, 
they are soon killed. But once chemotherapy has been completed 
the revived bacilli may continue to multiply and thus cause relapse. 
This explains why conventional chemotherapy needs to be of long 
duration. It may be concluded that, in order to avoid relapse, persisters 
must be eliminated, or treatment would have to last several years. Per- 
sisters may also play a role in the endogenous reactivation of tuberculosis. 

Persistence during chemotherapy can best be explained by the 
presence of a proportion of the bacterial population in a non-multiplying 
—i.e., dormaat—state. Sometimes it is asserted that persistence of 
susceptible mycobacteria during chemotherapy occurs when bacilli are 
present in sites that are inaccessible to drugs. This seems unlikely. 
Isoniazid, rifampicin, and pyrazinamide, as has been mentioned (see 
‘‘ What is the therapeutic effect and what is the toxicity of antituberculosis 
drugs ? ”’—page 101), easily pervade all kinds of lesion in concentrations 
approximating those in the blood. They permeate all tissue membranes 
including the normal blood-brain barrier, and attack even bacilli located 
in the cells (/).” 


@ Persistence has been observed during the stationary phase of bacterial cultures 
or when growth has been stopped—e.g., by low temperatures, anaerobic conditions, 
or nutritional deficiencies. 

_> Streptomycin does not penetrate all normal tissue membranes and is much less 
active against intracellular than against extracellular bacilli. This seems to be related 
to the environmental pH, which inside the cell is on the acid side and thus unfavour- 
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environmental pH to the acid side, or inside macrophages—i.e., under 
conditions in which the metabolism of mycobacteria is largely suppressed 
and the organisms are in a state akin to dormancy. Bacterial persistence 
has been observed also in other diseases—e. g-, Staphylococcal infections, 
influenza (2), and leprosy (3). 


SRR co a a i es 


able to the action of streptomycin. Pyrazinamide, however, favours an acid environment 
and is active against intracellular bacilli (see ‘What are the bactericidal and sterilizing 
mechanisms of short-course regimens ?”— page 200) (4). The environmental pH has 
apparently little or no influence on the action of isoniazid and rifampicin. 


REFERENCES 


1. Fox, W. & Mitcuison, D. A. American review of respiratory diseases, 111: 325 
(1975) 

2. Crofton, J. & Douctas, A. Respiratory diseases. Oxford, Blackwell, 1975, 
p- 98 


3. WHO Technical Report Series, No. 607, 1977 (Fifth report of the WHO Expert 
Committee on Leprosy), p. 24 


4. Grosset, J. Bulletin of the International Union against Tuberculosis, 53: 1 (1978) 


206 K. TOMAN 


What are the most usual signs of drug hypersensitivity 
and procedures of desensitization ? 


Allergic reactions to any drug may occur, but their frequency differs 
considerably according to the individual, the country, and the drug. 
The mechanism of the emergence of drug hypersensitivity is not yet fully 
understood, and regional differences in its occurrence are explained by 
genetic factors, nutrition (food habits), environmental factors such as 
housing and climate, possibly by other currently available medicines, 
and perhaps by certain cosmetics and stains used by particular ethnic 
groups (tribes). 

The most common manifestations are fever and rash, often occurring 
together with pruritus. Less common are enlargement of the lymph nodes, 
splenomegaly, and hepatomegaly with or without jaundice. If the 
warning signs are neglected or unrecognized, encephalopathy or severe 
bone-marrow depression may occur. Since it is sometimes difficult to 
distinguish between pure drug-toxicity and hypersensitivity, some inves- 
tigators include among the drug allergies the rather uncommon exfoliative 
dermatitis or severe mucocutaneous conditions such as the Stevens— 
Johnson syndrome. 

Most hypersensitivity reactions appear during the first month of 
treatment, but others, particularly rashes, may occasionally be seen after 
several months. 

It is a sensible rule that any new fever or sudden increase of fever 
occurring within 4 weeks of starting chemotherapy should be suspected 
of being due to an allergic reaction, unless there is some other obvious 
reason. 

Hypersensitivity to only one of the drugs used may occur, but it may 
sometimes develop successively or simultaneously also to other drugs. 


Desensitization (1, 2) 


First, the drug or drugs responsible for an allergic reaction must be 
identified. This cannot be done merely on the basis of the clinical picture, 
which is often similar for all drugs. The first step is to stop giving the 
drugs. The fever will usually decrease within 24 hours. When the 
temperature has become normal and the skin reaction has cleared, drug 
tests should be carried out. Small test-doses should be given and the 
patient watched in order to determine whether the observed condition 
was due to hypersensitivity, and to what drug or drugs he has become 
hypersensitive. 

It seems advisable to establish as early as possible the drugs to which 
the patient is not allergic, so that they can be administered again without 
delay. Therefore it is best to start testing with the drug that is known 
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to be less likely to sensitize than the other drugs of the regimen given. 
For example, if the regimen consists of Streptomycin, PAS (or thio- 
acetazone), and isoniazid, the first test-dose given will be of isoniazid. 

The size of the test dose is chosen according to the severity of the 
reaction : the more severe the reaction, the smaller the test dose. If the 
reaction was mild, the first test-dose may be half of the standard dose— 
€.g., 0.5 g of streptomycin, 2.5 g of PAS, and 150 mg Of isoniazid. With 
moderate reactions, the routine procedure would be to give one-quarter 
of the standard dose. If the reaction was severe, the first test-dose should 
be about one-tenth of the standard dose. 

If a patient is hypersensitive to the drug tested, a rise in temperature, 
pruritus, or rash will develop within 2-3 hours. If there is no reaction 
to the test dose, the next highest test dose may be tried. In less severe 
cases, the second dose may be twice the first dose ; IN More severe cases, 
an intermediate dose may be tried first. However, if a reaction to a test 
dose occurs, the same dose should be repeated or a lower dose should 
be given, once the reaction has subsided. 

If the patient is hypersensitive to only one of three drugs, the other 
two should be administered in the usual combination and dosage while 
desensitization proceeds. For example, if the patient is hypersensitive 
only to PAS, then isoniazid and streptomycin may be given throughout 
the procedure. It is practical and time-saving to give test doses every 
12 hours. 

If the patient is hypersensitive to two drugs—say, PAS and strepto- 
mycin—it is dangerous to continue isoniazid alone while the other drugs 
are given in small test-doses: resistance to isoniazid might develop, 
especially if the desensitization procedure is prolonged. In that case, it 
would be better to combine isoniazid with one or two reserve drugs. 

If desensitization to rifampicin is needed, the first dose should be 
75 mg. If no reaction occurs (usually within a few hours), the same dose 
may be given twice the next day and three times the following day. 
Subsequently the dose may be increased until the full daily dosage is 
reached. : 

Desensitization is usually successful, and often the full therapeutic 
dose is reached within 3-7 days. Only in severe and unmanageable cases 
should corticosteroids be used so that the regimen may be continued 
unrestricted. However, the corticosteroids should be withdrawn gradu- 
ally, as early as possible, and within 3 months. 
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What are the keys to cure ? 


How is it that cure rates, on the average, are still mediocre, if not 
unsatisfactory, despite the extraordinary potency of present-day chemo- 
therapy ? 

It is widely believed that high success rates can be achieved only in 
certain outstandingly good treatment centres and that, in the great 
majority of centres, the rate of success will remain below the optimum 
unless more effective drugs, such as rifampicin, are supplied to them 
without restriction for routine treatment. This is a rather superficial view, 
ignoring certain facts. For more than two decades, there have been drugs 
from which 100%-effective regimens can be composed (see “ What are 
two-phase chemotherapy and the so-called 100% regimens ? ”’—page 130). 
Thus the key to cure does not lie in the introduction of new and better 
drugs or regimens, but elsewhere (see “ When does chemotherapy 
fail ?”"—page 177). 

An important technical requirement for successful chemotherapy is 
the prescription of adequate regimens—i.e., only those whose effective- 
ness has been established by controlled trials. A regimen should contain 
at least two drugs to which the patient’s bacilli are susceptible. The 
chosen drugs should be given in the same dosage, at the same rhythm 
(daily or intermittently), and for the same period as was done in controlled 
trials. Deviations from this rule that have no scientific basis and cannot 
be clearly justified should be regarded as malpractice that may result in 
inexcusable harm. 

Another technical, almost axiomatic, prerequisite is the regularity of 
drug intake. Since the advent of chemotherapy, many changes have 
taken place. Drug combinations and dosages have been varied and the 
rhythm of administration and duration of treatment have changed, but 
the need for regularity of drug intake persists. No new regimen or drug 
has been able to do away with the necessity for regularity. Any inter- 
ruption of the regular rhythm of treatment increases the risk of failure. 
It must be borne in mind that the main reason for treatment failure is 
not initial drug resistance but irregularity of drug ingestion (see ‘‘ What 
is primary and what is initial drug resistance ? ”—page 87 and “ How 
relevant are initial drug resistance ... ?”’—page 167). 

It is illusory to expect that new drugs will solve the main problem of 
chemotherapy, unless a regimen can be found that needs to be admin- 
istered in one injection or only for a few days. The success of chemo- 
therapy is determined as much by operational as by technical factors. 
Even the most effective regimens currently available, irrespective of the 
drug combination or duration of treatment, may fail if not administered 
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regularly. Thus, today it is not the lack of knowledge about adequate 
chemotherapy but its adequate administration (7) that is the crux of the 
matter (see “‘ When does chemotherapy fail ? "—page 177). This is one 
of the medical problems that, so far, cannot be solved by technical or 
medical means, but mainly by organizational measures. Indeed, to 
ensure regular drug intake has become a managerial task par excellence. 
Nearly all attempts in this direction, through “health education—e:p., 
by thoroughly instructing the patients about the importance of regularity 
and the bad prognosis in case of irregularity—have been insufficient to 
motivate patients to take their drugs regularly as prescribed (see “ What 
is the significance of default ... ? "—page 211). Verbal. motivation of 
patients is rarely successful unless applied in an adequate organizational 
framework satisfying certain operational requirements. 


Operational requirements 


Treatment services must be easily accessible. Patients who feel very 
ill may be willing to travel long distances in order to be seen by a reputed 
physician. However, they can rarely repeat such travel or stay at the 
place of treatment for a long time. Treatment services should therefore 
be within easy reach and should be free of charge (2, 3). 


ed: 


must be compatible with local beliefs, traditions, and habits, as well as 
efficient. In short, they should inspire confidence (see “‘ What is the 
significance of default ... ? ”’—page 211). 


Drugs should always be available in sufficient supply. When patients 
have to be turned away because drugs are out of stock, the effect on 
regularity is bound to be detrimental. 


Whenever possible, treatment should be supervised. What is meant by 
“ supervised chemotherapy ”’ is that each dose should be administered 
under direct supervision. However, it is not always easy to organize such 
treatment for every patient. In many instances, individual arrangements 
will have to be made. Sometimes the supervision of treatment will have to 
be delegated to other institutions—e.g., to a hospital or health post 
located close to the patient’s work or home. 

In summary, treatment must be organized with a view to the con- 
venience of the patient, rather than to that of the treatment service i 
“What are the merits of supervised intermittent chemotherapy ... ! 


—page 161). 
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Thus at present the key to cure is to be found in the organization of 
the delivery of chemotherapy. Even the best available regimen will have 
a low success rate for as long as treatment services are not focused on 
the cooperation of patients. On the other hand, a policy using second- 
best regimens may be highly successful when delivered through an 
adequate treatment organization. 
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What is the significance of default in the chemotherapy of 
tuberculosis ? | 


Treatment default is regarded as the crux of chemotherapy. Though 
nowadays there are treatment regimens capable of curing almost every 
patient—even those with severe disease—the actual results, on the 
average, are much inferior. The most common reason for this unsatis- 
factory situation is irregularity of drug-taking—e.g., gross interruptions 
and premature termination of treatment, mainly by self-discharge. 
Careful analysis of individual treatment records shows that, frequently, 
of 100 patients who have started treatment, not even one-half, and 
sometimes no more than one-third, take the prescribed drugs for the 
minimum period of 12 months. 

A case in point is illustrated by data from two important field studies - 
one from South India (/) and the other from East Africa (2). 

In the South Indian study, 10% of patients had died or left the district 
by the end of the 12-month treatment period ; 27% refused to attend the 
treatment services ; and of the remainder only 47% collected four-fifths of 
their medicaments (Table 1). Thus a regimen with a potential of about 
90% success (isoniazid plus PAS) achieved quiescence of the disease in 
fewer than 50% of patients. In a further study, in which the same 
investigators used a three-drug regimen, the same low proportion of 
patients completed their treatment (3). 


Table 1 
Treatment default : chemotherapy field study in 3 towns of South India (7) 


ee SS ee Ss oo ee A co ~ Set a 


Patients 
Refusing Collecting 
Alive, remaining treatment 80% of the drugs 

Month in the district leurs prescribed 
No. % % 
0 231 6 is 
3 225 15 62 
6 204 19 54 
9 216 25 sf 
12 207 27 if: 


Another study illustrating the problem of default was an analysis of 
treatment results in a random sample of patients who received chemo- 
therapy in the routine treatment services in Kenya (and were not nee 
in a controlled clinical trial). As Table 2 shows, only two-thirds of the 
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initially bacteriologically positive patients remained under treatment for 
more than 6 months and only 37% of the patients attended for treatment 
for 12 months (though the policy in Kenya was to treat all patients for 
18 months). Of the patients “lost ”’, the majority were lost during the 
first 6 months. 


Table 2 
Treatment default : sample survey of patients routinely treated in Kenya (2) 


ee aa ENNIS 
Patients attending 


Duration of treatment for treatment 
(months) 

No. % 
i 

More than 3 526 79 

More than 6 433 65 

More than 9 312 47 

12 246 37 
TEETER RRR SG 

Patients admitted 660 100 


Fe ven 


Needless to say, the patients who remained under treatment for only 
a short time did very badly. Of those who received isoniazid plus thio- 
acetazone for up to 6 months, only 12% became culture-negative, as 
against 88% for patients treated for 12 months—i.e., a result comparable 
to those achieved in controlled clinical trials. 

However, it would be wrong to believe that these problems apply 
merely to the developing countries. If routine treatment results obtained 
in technically advanced countries are studied, the loss of patients from 
observation and failure to remain under treatment for an adequate period 
are seen to be major problems, just as they are in the developing countries 


(4). 
Reasons for default 


How is it that so many patients do not take, or refuse to take, the 
drugs that can save them from dying of tuberculosis and in all probability 
will cure them of the disease? The reasons have often been examined 
and were analysed in detail by Rouillon (5). Some typical reasons given 
by health service staff are discussed below. 


(a) Even when he has been thoroughly informed, the patient is too 
ignorant to understand the fundamental need to ingest drugs for a long 
time. 


(b) The patient firmly believes that, when the symptoms have subsided 
and he is feeling well again, he does not need any further treatment. 
He will not accept that he is in danger when he stops taking the drugs, 
even when he has been told so. 7 , 
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(c) When side-effects appear or symptoms do not subside as fast as 
he had expected, the patient suspects that he is getting the wrong treat- 
ment. He stops taking the prescribed drugs and may seek advice elsewhere. 

These three reasons for default are put down to ignorance, lack of 
intelligence, and indifference—all on the part of the patient. Such 
patients are classified as uncooperative and are blamed for the default. 

Other reasons for default include the following. 


(d) The patient has not been Properly instructed about the essentials 
of his disease and its treatment or, on the contrary, has been given too 
much information : he has been shown his bacilli under the microscope, 
or his chest X-ray film, and has been informed about diet, infectiousness, 
cough discipline, handling of sputum, Schedules of drug-taking, and 
possible side-effects—all at the first session. When patients were inter- 
rogated after such instruction, it was found that many had not understood 
what they had been told. A sizeable number had been so shocked to 
learn that they had tuberculosis that they had not been able to grasp 
other important information. As a result, only a few patients were 
actually induced or motivated to take the prescribed drugs for the full 
course of treatment—e.g., for one year. 


(e) Some patients give up treatment because they resent the shabby 
behaviour of certain health workers or when they are asked for extra 
payments or gratifications. Patients are particularly disappointed when, 
often after having waited long hours, they are told that there are no more 
drugs in stock and that no-one knows when the next supply will arrive. 
This rather frequent event is a major reason for interruption or cessation 
of treatment. 


(f) Patients may give up treatment when other problems become 
more pressing than their suffering due to tuberculosis—e.g. ; hunger, 
debts, or the loss of their homes. Some change their domicile often 
without informing the health centre where they have been receiving 
treatment. This happens particularly often when the patient loses his 
job or when he is driven to conceal the disease because of the social stigma 
adhering to tuberculosis, with all its ill consequences for him and his 
family. . 

(g) There is a category of patients who are given peered mi 
though the diagnosis of tuberculosis has never been confirmed by 
bacteriological examination. The treatment is often started on cane 
of pulmonary lesions of unknown or dubious origin observed a ae 
patient’s first X-ray film. In many countries this is the vee ke: en 
large majority of patients put on chemotherapy. When these a i 
stop taking their drugs many do not suffer any adverse bps “4 
Therefore they do not feel any necessity to go to the healt ri a 
spite of all efforts, they refuse to continue or to resume chemotherapy. 
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They may be right in doing so and should not be called defaulters (6). 
Unfortunately, they may induce other patients who definitely need treat- 
ment to stop taking it. 


(h) Distance is a common reason for irregularity. The patient may 
not be able to walk long distances, and transport—if available—may be 
too expensive for him. 


(i) Inconvenient consulting hours may be also be a reason for 
default. This can be remedied by organizing treatment near the patient’s 
home or adjusting consulting hours to his convenience. 


(j) Seasonal factors also deserve mention as a cause of treatment 
default. 


From the foregoing, it is obvious that it would be wrong to put the 
blame for default on the patient rather than on the services. Is it the 
patient’s fault that he does not understand why it is essential for him to 
take his drugs regularly and for a long time, or that he does not believe 
he still needs the drugs after the symptoms have gone ? It requires some 
sophistication to understand that one must continue treatment because 
one is ill though one feels fine, but that one should live and work as if 
one were healthy though one has to take drugs. 

Today it is perfectly well known that, usually after one or two months 
of effective chemotherapy, the patient will feel symptom-free. From that 
moment it seems pointless to him to take medicaments that he may find 
unpleasant or that produce minor side-effects causing more discomfort 
than the disease itself. It is only natural to enjoy the euphoria of recovery 
and forget all about drug-taking. 

The same has been observed also in a number of other conditions 
requiring prolonged drug ingestion, such as cardiovascular diseases, 
rheumatic fever, leprosy, epilepsy, malaria (prophylaxis), and diabetes. 
This is true also with the self-administration of oral contraceptives. 

Default, according to Webster’s dictionary, is failure to do something 
required by duty or law. When default might cause harm to the individual 
or community, corrective or preventive action should be taken. In the 
case of tuberculosis patients, irregularity or premature cessation of 
chemotherapy usually has serious consequences not only for the patient 
but for the community as a whole. It is the moral, if not the legal, duty 
of the health services to take the necessary precautions. However, since 
the interruption or self-termination of treatment are a common feature 
of human behaviour, these precautions must be an essential part of the 
strategy of chemotherapy—a built-in element of treatment organization. 

The prevention and management of default are integral components 
of treatment and are thus, above all and undoubtedly, the responsibility 
of the doctor or person in charge of treatment. Therefore, if treatment 
failure is due to default, it is unjust to hold only the patient responsible. 
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For as long as the organizers of treatment Services do not shoulder this 
responsibility, even the most excellent drug regimens will fail to produce 
the high level of therapeutic and epidemiological success of which they 
are capable. 

It is only fair to say that it is easier to identify the causes of default 
than to remedy them. This is mainly because treatment default has many 
of its roots outside the health system, in the various activities of daily 
life and deep in the social structure and cultural traditions, 

Many health professionals believe that health education of the sick 
and of the public is all that is needed to ensure that patients comply with 
medical instructions. However, experience has shown that such efforts, 
or even detailed instructions by a doctor, are generally not sufficient to 
motivate patients to take the prescribed regimen (see under (d), page 213). 

There is far more to motivation than informing and instructing 
people : it is a matter of mutual human relations, requiring an under- 
Standing of the patient’s non-medical problems, his way of life, work, 
religion, wants, fears, and attitudes towards traditional and modern 
medicine. Motivation requires a person who speaks the patient’s 
“ language ” and is capable of bridging intellectual and social distances, 
removing cultural barriers, and, if necessary, changing attitudes and 
habits. Positive motivating factors are efficient professional performance 
and success, good working morale, the compassion of the staff, and their 
identification with the community they serve. 

In summary, motivation is a problem of human communication, 
differing from one patient to another and one community to another. 
That is why no uniform and generally applicable recipe can be given. 
Failure to communicate with the patient will embarrass him ;a patronizing 
approach or bad behaviour will alienate him and instead of confidence 
will create distrust, resulting in the rejection of treatment. 

Lastly, the problem of treatment default due to the lack of communi- 
cation is by no means restricted to developing countries. In technically 
advanced countries also, as has been reported, treatment default is not 
uncommon. It is a problem frequently encountered in communities with 
minority groups of various ethnic, religious, and social backgrounds, 
where, in addition to tuberculosis, patients are suffering from economic 
insecurity and other social stresses. 
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What is the place of sanatorium and hospital treatment today, 
and how infectious aré tuberculosis patients under 
chemotherapy ? 


The accumulated evidence from controlled trials proving the high 
efficacy of ambulatory chemotherapy is not appreciated everywhere. In 
many countries, every newly registered patient is routinely admitted to 
a sanatorium or hospital for many months on the ground that, with such 
a policy : 

(1) treatment gives the best results o) 

(2) patients cooperate better ; 

(3) it is easier to educate and to reassure patients about the disease ; 

(4) it can be ensured that the patients take their drugs ; 

(5) drug toxicity can be treated more easily ; and 

(6) the patients are isolated and thus cease to be a danger to their 
families and other contacts. 


These assertions, however, have not been substantiated, as will be 
shown point by point. 


(1) There is a solid body of evidence that outpatient treatment is highly 
effective and by no means inferior to sanatorium treatment, even in the 
case of patients suffering from extensive disease and living in poor 
conditions. This has been proved not only in the classical Madras study 
(see ““ What were the main findings of the Madras study ... ?”— 
page 122), but also in other controlled trials undertaken in various 
developed and developing countries. The summary of these studies 
(Table 1) is based mainly on a review of the world literature by Fox (J). 


Table 1 


Controlled studies on the effects of exercise, work, rest, and sanatorium 
or home treatment on the results of chemotherapy 


Comparison rat Woy Country Year 
2 USA 1957 
1. Rest and exercise a Esaiand ian 
2. Rest and normal work (4) Scotland 1960 
3. Various durations of (5) ene ed 
hospital treatment (6) U 1g 
4. Home and sanatorium (7) Scotland ‘ses 

(8) India 
(9) Ghana ; 1960 

Kenya, Uganda, 

vr and Tanzania 1966 


yo.) | I ee 2 eee eee ee mnen 
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None of the studies demonstrated any evidence of the superiority of 
rest over exercise or work, or any particular benefit from sanatorium 
treatment compared with outpatient treatment, even when the former 
was continued for a whole year. 

Only the study of the Tuberculosis Society of Scotland (4) was 
restricted to patients with limited disease. In all the other investigations, 
at least some of the patients had advanced disease. In particular, out- 
patients in the studies in Ghana, Madras, and East Africa mostly had 
extensive, direct-smear-positive tuberculosis and furthermore lived in 
unfavourable conditions, had to continue working, and evidently were 
not as well nourished as the inpatients. 

The relapse rate studies in Scotland (4) and in Madras (see ** What 
were the main findings of the Madras study ... ?”’—page 122) showed 
no difference between the two groups of patients. Even pregnancy in 
outpatients did not influence the attainment of bacteriological quiescence 
adversely, or lead to more relapses (//). 


(2) The cooperation of sanatorium patients was no better than that of 
patients treated at home. In both technically advanced and developing 
countries, many patients are unwilling or unable to tolerate a long 
separation from their families and normal environment. Though patients 
in the three studies (8—/0) in developing countries had good sanatorium 
accommodation, a nutritious diet, and ample rest—none of which they 
had in their homes—self-discharge from treatment was not a rare event : 
8% of the sanatorium patients discharged themselves from treatment, 
compared with only 1% of those treated at home (8). 


(3) It is doubtful whether patients in sanatoria can be better educated 
and reassured about their disease than home-treated patients. It seemed 
rather an advantage when the personnel in charge of treatment throughout 
the course was also responsible for educating and reassuring the patient. 
The same staff could also educate and reassure the patient’s family, 
thanks to a direct knowledge of the patient’s home and social condition. 
Major personal problems, including the disruption of family life (8), 
were much more frequent in the sanatorium series (21%) than in the 
home treatment series (8%). 


(4) Sanatorium or hospital treatment itself does not guarantee regular 
ingestion of the prescribed medicaments, as has been found by urine tests 
or the counting of tablets. Even in sanatoria, regular drug intake can 
be ensured only by strict supervision—i.e., if the patient is actually seen 
to swallow every dose, which is by no means always certain. 


(5) Severe toxic reactions to the drugs used in standard regimens are un- 
common. If, occasionally, a drug produces toxicity that cannot be managed 
under domiciliary conditions, then of course the patient has to be admitted 
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to hospital. However, in primary chemotherapy, such an event is rather 


the exception and does not justify the hospitalization of every patient as 
a general policy. 


(6) One of the strongest and most serious arguments against home treat- 
ment is that the patient with infectious tuberculosis must be isolated, 
since he is a danger to his household and other close contacts. This 
problem has been carefully studied in a number of investigations. In 
the classical Madras study (8), in which patients treated in a sanatorium 
were isolated from their families for 12 months, there was no difference 
in the occurrence of tuberculin conversion in the tuberculin-negative 
contacts of patients treated at home or in the sanatorium during a 5-year 
observation period (/2). Thus no additional risk of infection was found 
for close family contacts of patients under chemotherapy (see also ‘‘ What 
were the main findings of the Madras study ... ? page 122). 

Furthermore, even in the tuberculin-negative contacts, the disease 
did not develop more frequently in the home-treated series (10.5%) than 
in the sanatorium-treated series (11.5%). Most cases of tuberculosis 
developed within the first year, chiefly within the first 3 months, indicating 
that the infection took place before the start of treatment (72). From 
that it was concluded that for contacts the greatest risk of infection was 
before treatment began—i.e., before the case was discovered. 


How infectious are tuberculosis patients under chemotherapy ? 


In a subsequent study at the Tuberculosis Chemotherapy Centre, 
Madras, it was found that even contacts of patients treated with isoniazid 
alone ran no extra risk compared with contacts of patients treated with 
isoniazid and PAS. The attack rate in originally tuberculin-negative 
contacts was 7% in both groups (/3). 

More recently, American investigators have reported on the risk of 
infection to the contacts of patients discharged from hospital after one 
month of treatment. Some of the patients still had direct-smear-positive 
sputum, while others were negative by culture (/4, 15). There was no 
difference in the incidence of tuberculin conversion among the tuberculin- 
negative contacts of the two groups. Following the start of treatment, 
there was no higher risk for contacts associated with the sputum status 
of the patient. Once effective treatment has been started, the Presence 
of tubercle bacilli in the patient’s sputum does not imply infectiousness. 

These important findings have been in agreement with the results of 
other studies (16, 17). Patients with sputum-positive tuberculosis were 
randomly allocated to hospitalization for 2 weeks or for long periods. 
Infection did not occur more frequently in the tuberculin-negative 
contacts of patients hospitalized for only 2 weeks than in those of patients 


kept in hospital longer. 
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Though it has been demonstrated that, in untreated patients, infectious- 
ness is closely related to their sputum status (see “‘ What is the role of 
case-finding by periodic mass X-ray examination ... ?”’°—page 65), no 
such relationship exists once the patient is on adequate chemotherapy. 
The fast decline in infectiousness is largely determined by the rapid fall 
in the number of viable organisms in the sputum (18) and probably also 
by the reduced frequency of coughing that promptly follows the start 
of effective treatment. 

In summary, during adequate chemotherapy an index case * is not a 
major source of risk, if any, to contacts. 


Conclusion 


There is no scientific justification, or any objective reason, for the 
general use of institutional treatment of newly diagnosed tuberculosis 
as a policy. 

The WHO Expert Committee on Tuberculosis, in its eighth report, 
challenged all those advocating the superiority of institutional treatment 
“to conduct studies to determine whether their contention is 
substantiated by objective evidence” (/9). More than 10 years later, 
such evidence has still not been produced. None of the controlled 
clinical trials that studied the effect of treatment at home compared with 
treatment in a sanatorium, or that of rest versus ambulation, has demon- 
strated any particular benefit from institutional treatment and bed-rest 
in comparison with ambulatory treatment and physical activity. 

The American Thoracic Society issued a clear policy statement : 


“The major emphasis in tuberculosis control must now be placed on the 
provision of adequate ambulatory care facilities. The lack of such facilities is 
no longer an acceptable justification on the part of any community or govern- 
mental body for extended hospitalization ; if adequate hospital facilities can be 
maintained, adequate outpatient services can be created and maintained ” (20). 


The Society subsequently stated that : 


“Chemotherapy is so effective that patients can be encouraged to return 
to their usual activities and occupation early in the course of treatment... 
To forbid physical activity or to encourage a tuberculous patient to withdraw 
from social and community life is rarely necessary and is usually a disservice ” (2/). 


More recently (1976), the Society declared that : 


; ‘“*In summary, in this era of chemotherapy, tuberculosis should be treated 
in whatever setting most appropriately meets the needs of the patient and the 
community. Some patients can be entirely treated at home. Others may require 


_* An index case is a person known to be discharging tubercle bacilli and thus 
registered as a possible source of infection. 
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some short period of hospitalization in a general hospital followed by ambulatory 
care. Still others may require longer-term care in an institution mainly because 


within the general care system. A separate categorical system for tuberculosis 
is obsolete ” (22). 


With regard to certain tendencies to retain Sanatorium services, or 


even to establish new ones, the WHO Expert Committee, in its ninth 
report, 


*...moted with concern the adherence to outmoded long-term sanatorium 
treatment in some technically advanced countries and recommended that the 
national authorities should review the reasons for the retention of traditional 
sanatorium services despite the dramatic progress of chemotherapy in the last 
20 years. In this connexion the Committee emphasized that it is the responsibility 
of the national authorities to make alternative careers available to sanatorium 
physicians * (23). 
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How important is follow-up and what is the frequency of 
relapse * after the completion of treatment ? 


Before the advent of chemotherapy, the complete cure of pulmonary 
tuberculosis—i.e., of the post-primary or adult type—was observed only 
rarely. Pathologists and clinicians maintained that the disease practically 
never healed in the strict sense of the term, but could only be arrested, 
become stabilized, or be rendered inactive ; since bacilli almost always 
persisted in the residua of tuberculous lesions, relapse could occur at any 
time, even many years after treatment. Indeed, relapse was common, 
and that was the reason for the adoption of a policy of life-long follow-up 
of patients who had completed treatment. These patients were kept on 
a register and examined regularly at intervals of several months, or at 
least once a year. 

That routine, however, placed a Steadily increasing burden on the 
health services, absorbing a substantial proportion of staff-time and 
financial resources. No wonder the dramatic success of chemotherapy 
called into question the usefulness of indefinite follow-up and prompted 
demands for the reassessment of this policy. For that purpose, two 
questions needed to be answered : 


1. What is the frequency of relapse ? 
2. How is relapse detected ? 


In a longitudinal survey and recent analytic studies, it was found that 
relapse still accounted for about 15-20% of the annual incidence of 
newly registered sources of infection (1-4). 

Furthermore, it was found that the individual risk of relapse among 
persons with a history of bacteriologically confirmed tuberculosis varied 
substantially and was determined mainly by three factors : 


(a) whether chemotherapy had been received or not; 

(5) whether or not the regimen given was adequate and regularly 
taken ; and 

(c) the time that had elapsed since bacteriological quiescence had 
been achieved. 


In all the reports recently published on that question (5-7), there was 
agreement that the highest relapse rate was found in patients who had 


@ “ Relapse’ may be defined as the reappearance of tubercle bacilli in the 
sputum fae ssotts seeibd of bacteriological quiescence (negativity 2 cpaalhembssee 
scopy and culture), usually accompanied by clinical deterioration. e sr ar 
of isolated positive cultures commonly consisting of a few colonies is Deaton, ; 9} 
a relapse (13) (see under “‘How effective is short-course chemotherapy. . .?””—pag ‘ 
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never received any chemotherapy (about 5% per annum) and the next 
highest rate (about 2%) in patients with deficient treatment (5). There 
was, however, a definite time trend, the risk in both groups diminishing 
appreciably after 3-5 years to about 1% (5). Other factors, in addition 
to lacking or deficient chemotherapy, that contributed to the risk of 
relapse were found to be alcoholism and other diseases, as well as social 
maladjustment or deprivation (7). 

However, the most important finding was the striking effect of 
adequate chemotherapy on relapse, which falls to a few per mille per 
annum (5-8). Though this risk is still considerably higher than the risk 
of disease in persons with no history of previous tuberculosis, it does not 
warrant life-long follow-up. 

Moreover, reports on the mode of detection of newly registered 
relapses point out that these were mostly not discovered at the regular 
check-up, as might have been expected. About two-thirds of the relapses 
were discovered on other occasions (9), mainly on account of chest or 
other symptoms. The proportion of relapses detected through follow-up 
seemed to vary with the frequency and regularity of examination. 
Nevertheless, in a longitudinal survey lasting 12 years (a WHOz-assisted 
research project), each person with a history of previous tuberculosis 
was examined bacteriologically every 6 months and by X-ray once a year, 
according to the research protocol. Yet less than one-half of the relapses 
were discovered through follow-up examinations, despite a stringent 
research discipline. One-half of the relapses were detected on account 
of symptoms—i.e., between regular check-ups (8). (This does not imply 
that all the other relapsed patients detected through follow-up examin- 
ation were symptom-free at the time of check-up.) 

In summary, it appears that individuals with a high risk of relapse 
belong to one of two well-defined and easily identifiable groups—patients 
who have not had chemotherapy at all and those who have had inadequate 
chemotherapy. These groups will become progressively smaller with the 
improvement of chemotherapy. Persons of these groups may deserve 
active attention for 3 years after the termination of treatment. (Whether 
preventive treatment—that is, chemoprophylaxis—is useful in previously 
inadequately treated patients needs to be proved. In controlled trials, 
patients with inactive tuberculosis who originally had received isoniazid 
did not benefit from chemoprophylaxis with isoniazid (/0).) 

In those who have been adequately treated with chemotherapy, the 
risk of relapse is too small to justify prolonged follow-up (14). Thus 
routine follow-up examinations may be drastically curtailed or, to a large 
extent, abandoned. This conclusion was reached by the Center for Disease 
Control of the Public Health Service in the USA (//), as well as by 


investigators who followed up patients treated in Scotland (12). The 
former stated : 


, 

] 
, 
: 
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“Tuberculosis patients who complete ade 

quate chemotherapy should be con- 

sidered cured, They have no need for routine lif -time serio recall for X-ray 

Pcs eeey een Sete life-time follow-up of such treated patients 
clinic personnel and resources from the crucial task of i 

for those who really need them” (//). v= Load 


However, ex-patients should be strongly advised to come without 
delay for examination if they develop symptoms suggestive of tuberculosis 
(14). General practitioners and physicians who are likely to come across 
patients with a history of previous tuberculosis should be informed about 
the possibilities of relapse and the significance of respiratory symptoms 
such as a prolonged cough. 
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What are the principles and requirements of a controlled 
chemotherapy trial ? 


Fach conscientious doctor treats his patients only with methods and 
medicaments in which he has confidence. However, different doctors 
often treat one and the same disease in different ways. If the patient 
recovers, the physician, understandably, ascribes the success to his way of 
treatment. How subjective and changeable these judgements are can be 
seen from the large number of medicaments and treatment methods that 
are brought into the limelight, praised by bona fide advocates, and 
eventually consigned to oblivion. Sometimes it may take a long time 
for the value of a certain treatment method to be determined. It took 
centuries before therapeutic blood-letting and drastic purging were 
abandoned. Gold salts had been in use for almost 20 years as a specific 
treatment of tuberculosis, as recommended by prominent medical 
personalities in about 200 published papers, when it was recognized that 
they were useless, if not harmful (/). 

In the first half of this century, innumerable therapeutic methods, 
diets, and compounds were used in the treatment of tuberculosis. Starting 
with the therapeutic fiasco of tuberculin, other biological agents, such as 
bacterial extracts and fractions, attenuated mycobacteria, antisera, and 
antitoxins ; cod-liver oil ; vitamin C ; calcium injections ; creosote ; salt- 
free diets ; radiation therapy ; and various climates (high altitudes, ocean 
beaches and hot, dry climates)—all had their passionate advocates (2). 
And then there was a host of therapeutic interventions : pneumothorax, 
diaphragmatic paralysis, pneumoperitoneum, oleothorax, pneumono- 
lysis, plombage, cavity drainage, thoracoplasty, and finally resectional 
surgery. This is far from being a complete account, but it serves to recall 
the confused situation in the middle of this century. 

It is mainly in the last 25 years that determined efforts have been made 
to use scientific techniques in evaluating the treatment of tuberculosis on 
a larger scale. An important advance in this field has been the develop- 
ment of an assessment method known as the controlled trial, which has 
been found particularly suitable for studying the effect of chemo- 
therapeutic substances. Since their introduction, many controlled trials 
have been carried out, and have made it possible to establish the efficacy, 
toxicity, and applicability of practically all the chemotherapeutic regimens 
currently used. However, there are still physicians who do not appreciate 
the value and scope of the method. And there are some authors who 
call their investigations controlled trials without observing the essential 
requirements. Therefore it might be worth recalling the main features 


| 
i 
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of the controlled trial method and its use for assessing the effects of 
tuberculosis chemotherapy. 


The method 


In each controlled trial, two or more equivalent groups of patients 
are formed, of which one—the control group—remains untreated or 
receives a treatment of known, previously established, effects while the 


other groups—the experimental groups—receive the treatments to be 
studied. 


Example : 

In 1946, a group receiving 1 g of streptomycin was compared with an 
untreated control group. 

There must be an ethical justification for having an untreated control or 


Placebo * group. Thus, at the time when streptomycin had just been discovered, 
there was no other effective drug that could be given to the control group. 


Nowadays, the control group usually receives a standard regimen. 


Example : 
Experimental regimens Control regimen 
1. thioacetazone (150 mg) + isoniazid (200 mg) 
2. thioacetazone (150 mg) + isoniazid (300 mg) a PAS (10 g) + isoniazid (200 mg) 
thioacetazone (100 mg) + isoniazid (300 mg) 


Ww 


The purpose of the study was to determine the optimum dosage of 
a regimen of isoniazid and thioacetazone combined. The example shows 
that it is possible, in one trial, to test several experimental regimens 
against one control regimen. 

By the use of certain study schemes known as factorial designs, it is 
possible not only to measure the effects of the tested regimens but 
sometimes also to identify the contribution of each drug separately, 
provided that the drugs do not interact.” 


Example : 

The new drugs of which the experimental regimens are composed are X, 
Y, and Z, the symbol for the control regimen being ABC. By combining the 
drugs X, Y, and Z, four regimens have been constructed : 


Experimental regimens Control regimen 
pe 2 —— — ie 
Pe 2 ot 
4. YZ 


i i It consists of a 
@ A placebo is a dummy substituted for the experimental drug. 
neutral siiDatans without any direct therapeutic effect, and is harmless—e.g., path 
starch, saline. Ideally, a placebo should be of the same appearance, taste, and sme 
as the experimental drug. i 
> It wide exceed the scope of this chapter to describe other designs, and the 
interested reader is referred to the papers by Fox (3) and Truelove (4). 
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By means of such a design, 10 different comparisons can be made. 
Each experimental regimen can be compared with the control regimen. 
By comparing the experimental regimens with one another, the individual 
contributory effect * of each drug or factor as well as the relationships” 
between them can be studied in terms of bacteriological and radiographic 
response, side-effects, the emergence of drug resistance, and the relapse 


rate. By these comparisons, the occurrence of synergistic or antagonistic 
interactions between the drugs or factors under study may be revealed. 


Ethical considerations 


There are still critics who reject controlled trials with generalizations 
such as : “‘ Conducting controlled therapeutic trials is experimenting on 
people and is thus unethical ”. However, such statements disregard the 
fact that prescribing a treatment—any treatment—that is not supported 
by quantified evidence of the benefits and risks to the patient is, whether 
one likes it or not, experimenting on people. Moreover, it is experimen- 
tation with a treatment the effects of which remain uncertain. Unless the 
disease treated is known to be fatal, unavoidable bias may easily result 
in errors, and it is now widely accepted that it is neither ethical for the 
doctor nor safe for the patient to use a new treatment that has not been 
tested in a controlled trial. 

There must always be an important reason for a trial—e.g., the need 
for a treatment of higher efficacy or acceptability, or for reducing the 
duration of treatment, the level of toxicity, the relapse rate, or the cost 
of treatment (//). Furthermore, there must be good justification for 
taking risks. The possible risks from the experimental treatment should 
be balanced against the risks to the patient and to the community if the 
disease were left untreated or were treated in the conventional (previous) 
way. A doctor participating in the trial should be given the assurance, 
laid down in the protocol, that he may withdraw a patient from the trial 
or break the code whenever continuation of the treatment might, in his 
view, cause serious harm. This must be ensured, even at the risk of 
nullifying the whole trial. Thus the administration of a new treatment 
with strict observance of the principles of the controlled trial safeguards 
medical ethics and ensures scientific research of a high standard.° 


@ Thus by comparing regimen XYZ with regimen XY, the contribution of Z 
and, similarly, by comparing XYZ with XZ or YZ, the complementary effect of Y 
and X can be measured. 


> By comparing XY with XZ, the relationship of Y to Z (or XY with YZ, the 


relationship of X to Z, or XZ with YZ, the relationship of X to Y) can be 
demonstrated. 


_ © A frequent question is whether it is ethical to withhold treatment from those 
in the control group and to give them only a placebo. Such a situation may arise 
only where there is no treatment of established value for a discase with a bad prog- 
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The protocol of a controlled trial 


An essential requirement of a controlled trial is that it must be 
prepared and conducted according to a meticulous plan and working 
Programme : the protocol. After it has been decided to embark on a 
controlled trial, a team of experts drafts the protocol. This team should 
consist not only of physicians, but also of representatives of other 
disciplines involved in the trial—e.g., a bacteriologist, a Statistician, a 
nurse, a sociologist, and an administrator. In the protocol, the objectives, 
methods, working procedures, and schedules, as well as the responsi- 
bilities of the parties involved in the trial, are defined. It is a document 
to which every cooperating staff member is strictly bound to adhere, 
and should be consulted for instruction and guidance throughout the 
trial. Any, even the slightest, deviation from the protocol must have the 
consent of the coordinating centre, otherwise the whole trial may be 
seriously impaired or invalidated. Thus, a protocol needs to be prepared 
with great care, expertise, and responsibility. An unplanned trial—i.e., 
a trial without a protocol—is not a controlled trial, and the results of a 
trial with a deficient protocol are unconvincing, if not void. 


Preliminary test runs 


Sometimes, before a protocol is completed, preliminary (pilot) 
Studies have to be made in order to obtain information rapidly—e.g., on 
the feasibility or operational efficiency of certain procedures, on unknown 
effects, or on the acceptability of certain policies. Sometimes it is useful 
to have a short test run of the protocol to see whether it contains any 
flaws. Each investigator has the right to ask for amendments before 
participating in the trial, so that they can be made in time. He should 
feel that it is his own trial, for which he will be sharing responsibility and 
recognition. It is important that the final version of the protocol should 
be agreed upon by all authorized participants before the trial starts. 

In the protocol, the instructions and definitions can usually be found 
under the following headings : 


Aim of the trial. 

Treatments to be studied. “es 
Study population and requirements for admission. 
Allocation to treatment groups. 

Management of treatment. 

Monitoring of progress. 

Recording and reporting. 


NAWRLN A 


nosis. In tuberculosis, withholding a new treatment from one of the trial eouee ane 
not mean that no treatment is given, since there is already a choice of sta 


regimens that can serve as control regimens instead of a placebo. 
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8. Analysis of data, assessment, and interpretation of results. 
9. Presentation of the report on the trial. 


Aim of the trial 


First the problem must be clearly defined and the objective of the 
study stated—i.e., how it is intended to solve the problem or what is 
to be proved. 


Example : 


The problem. Self-administered regimens, such as daily isoniazid + PAS 
or isoniazid + thioacetazone, have a high failure rate owing to irregular drug 
intake. 

The objective. To reduce the failure rate by supervised administration of 
isoniazid + streptomycin twice weekly. It is to be proved (or disproved) that 
the additional resources required are commensurate with the marginal benefits. 
The study must be conducted in such a way as to show the advantages of one 
regimen over the other in clinical, epidemiological, and economic terms. 


Though it is theoretically possible to investigate many problems by 
means of one trial, it is wise to limit the number of problems to be studied 
to a few. 

Most of the controlled trials in the field of tuberculosis are designed 
to explore the clinical aspects of chemotherapy, such as the efficacy and 
toxicity of various dosages of drugs, or the efficacy, side-effects, and 
relapse rate of various drug combinations used in regimens administered 
daily or intermittently (see “ What was the efficacy of primary intermittent 
chemotherapy ... ?”—page 137). Present knowledge of the chemo- 
therapy of tuberculosis is based almost entirely on controlled trials. 
Some trials investigated only the side-effects of certain drugs—e.g., the 
remarkable cooperative study on the frequency and geographical distri- 
bution of thioacetazone side-effects (see ‘‘ What is the frequency of 
adverse reactions against thioacetazone ... ?”’—page 119) and other 
trials studying the management of the neuropathic side-effects of isoniazid 
and their prevention by pyridoxine. 

However, the controlled trial is not only a device for measuring the 
effects of drugs. It has also been successfully employed to establish the 
value of certain policies of therapy and general management of tubercu- 
losis patients. The best-known example is the classical Madras study (5) 
comparing home and sanatorium treatment (see “ What were the main 
findings of the Madras study ... ?”—page 122). This trial not only 
compared the therapeutic efficacy and relapse rate of a regimen admin- 
istered in a sanatorium or at home, but also established the influence of 
rest, exercise, accommodation, diet, and nursing on the effect of chemo- 
therapy and the influence of hospitalization on family cohesion. A 
further achievement of the trial was a 5-year follow-up of the patients’ 
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families, so that the risk of infection and disease in contacts could be 
Studied (see Risk to Jamily contacts, under “ What were the main findings 
of the Madras study ... ? "—page 126). 

Another policy trial was the study on the influence of home-visiting 
of varying frequency on the regularity of drug ingestion (6). 

An important policy trial was carried out on the role of pretreatment 
sensitivity testing in the choice of chemotherapeutic regimens (7). The 
study was carried out ina population with a high level of initial resistance 
to one or more drugs. The study was to determine to what extent pre- 
treatment susceptibility tests improve the results of standard chemo- 
therapy and whether these tests need to be performed as a routine, thus 
necessitating special laboratory services. Three policies were tested, one 
of which was to pay no attention to the results of susceptibility tests and 
to treat one group of patients with a standard regimen as if no tests had 
been carried out. In the other groups, the regimens were adjusted 
according to the test results (for details and conclusions, see ‘‘ How 
relevant are initial drug resistance and pretreatment susceptibility 
tests ... ?”’—page 167). 

Recently a series of controlled trials (8) investigated regimens lasting 
6 and 9 months (see “* How effective is short-course chemotherapy... ?” 
—Ppage 183). So far, the results of these controlled trials have been 
promising with regard to efficacy and the relapse rate. In particuiar, 
regimens containing rifampicin and isoniazid were highly effective when 
given daily, but very expensive. When given intermittently, they were 
just as effective and less expensive, but more toxic. Controlled trials of 
short-course chemotherapy will certainly be continued intensively. If 
these studies yield regimens lasting 6 months or less that are as effective 
as, and not more toxic and costly than, standard regimens lasting 12, 
18, or 24 months, a radical change in present treatment policies will occur. 

Thus, controlled trials have a wide spectrum of objectives. Besides 
therapeutic efficacy and toxicity, the acceptability and efficiency of 
treatment policies can be ascertained. 


Treatments to be studied 


The drugs, dosage, and method of administration used in the trial 
should be described precisely, so that the treatment can be repeated 
elsewhere and the results verified. Thus, it should be made clear in the 
protocol, as well as in the report, what compound is to be used (e.g., 
PAS = para-aminosalicylic acid sodium salt ; streptomycin = strepto- 
mycin sulfate base powder diluted with sterile distilled water) ; the i 
of preparation (e.g., powder, granules, tablets, enteric coated dragees) ; 
the exact quantity per dose ; and the mode of administration (¢.g., in a 
single dose or divided into smaller doses ; at what time of the day an 
at what intervals). The control regimen, whether it is a standard regimen 
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or not, must be as well described as the others. No doubt or ambiguity 
should be left on any important point, since that might lead to confusion 
and cause harmful errors. 


Study population 

The criteria for admission to a trial should be laid down clearly. Thus, 
not only the types of patient eligible, but also those to be excluded, 
should be closely defined. 


Example : 


Eligible for admission : patients of both sexes, 15 years of age and above, 
living within 5 km of the treatment centre, with sputum positive for tubercle 
bacilli by microscopy and culture, and organisms sensitive to isoniazid and 
streptomycin. 

Not eligible: patients who have been treated for tuberculosis before, weigh 


less than 40 kg, have diabetes or jaundice, are pregnant, or are migrants likely 
wy move out of the area within the next 2 years. 


It is useful, for assessment, to keep the characteristics (age, sex, 
severity of disease, etc.) of patients in the various treatment groups as 
uniform as possible. Sometimes it is necessary, though time-consuming, 
to have every patient approved by a panel (e.g., the coordinating research 
committee) for admission to or exclusion from the trial. 

The number of patients to be admitted to the trial is an important 
question. It will depend largely on the nature and objective of the trial, 
the number of treatment groups, the estimated magnitude of differences 
that is expected to be observed, and the precision required for valid 
comparison of the results. A correct decision on the number of patients 
to be admitted and on the number and size of groups cannot be made 
without consulting a competent statistician. 

This does not necessarily mean that a controlled trial requires vast 
numbers of patients. On the contrary, if strictly comparable groups can 
be formed, the statistician may find groups of 100 patients or fewer 
sufficiently large. Large numbers in themselves are often worse than 
useless if the groups to be assessed are not comparable. Morever, large 
numbers may create false confidence in results that may be utterly 
fallacious. 

However, if the number of patients required needs to be large, so 
that the period of intake to the trial would be very long, or if the number 
is larger than one treatment centre can cope with, the trial should be 
decentralized. It is one of the advantages of a controlled trial that it can 
be conducted simultaneously in a series of centres in one or more 
countries or even continents. In that way, the intake period can be 
substantially shortened and all the patients, though treated in different 
places, can be handled uniformly according to the protocol. 
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Allocation to treatment groups 


. The allocation of patients to the various treatment groups is of crucial 
importance for the correct conduct of a controlled trial, the aim being to 
ensure statistical comparability of the groups. These must therefore be 
similar in every respect except the treatment. Only then can the differences 
between results be measured and the effects attributable to the various 
treatments identified. 

Allocation to the various treatment groups must be made strictly 
at random. The procedures of randomization should be designed by 
well-qualified statisticians, laid down in the protocol, and rigidly 
followed. Proper randomization will ensure that group differences in the 
results obtained will only, or most likely, be due to differences in the 
regimens studied and not to differences (variations) in the groups of 
patients. If the randomization is deficient, the whole trial may be null 
and void. The medical literature is full of errors due to neglect of the 
principles of randomization. 

Some randomization procedures still in use leave much to be desired. 
For instance, randomization by alternation—the allocation of every 
second or third patient admitted to a particular regimen, or allocation 
according to whether the year of birth is an even or an odd number—is 
unsatisfactory because the allocated treatment can be easily identified 
and the investigator or assessor cannot help being biased, consciously 
or unconsciously. Allocation by alternation is, moreover, inviting 
manipulation. If, for instance, several patients happen to be admitted 
to the trial at one time, the order of admissions can be arranged so that 
certain patients can be allocated to the treatment that is thought preferable 
by the person in charge. 

In many trials the so-called envelope system is used—i.e., the investi- 
gator is given a number of serially numbered sealed envelopes, each 
containing an indication of the treatment to be given to a patient 
admitted to the trial. However, at admission, a serial number must be 
assigned to each patient before the corresponding envelope is opened, 
otherwise, when several patients are to be allocated at the same time, 
the envelopes may be opened first, and then the treatments could be 
allocated according to the investigator’s prejudice. The envelope system 
works satisfactorily also in blind trials—i.e., where the medicaments 
cannot be identified by their appearance, taste, and smell, their actual 
nature being kept confidential. In such a case, the envelope contains a 
code number * coinciding with the number of the receptacle containing 


the medicaments for the corresponding patient. 


@ The code remains confidential, and can be broken only in case of emergency 
or for assessment purposes. 
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A frequently used and satisfactory randomization method is for a 
secret list of serial numbers to be accessible only to a neutral unit or 
person without vested interests in the trial. Each serial number in the 
list corresponds to a certain treatment, the sequential order of the treat- 
ments being arranged according to a table of random sampling numbers, 
commonly used by statisticians. When an investigator has had a patient 
admitted to the trial, he communicates the patient’s particulars to the 
neutral unit, whereupon he is informed of the treatment to be given. 
Practically no prejudice can enter into such an arrangement. 

In summary, randomization is essential to avoid biased selection and 
to obtain equivalent groups. Correct random allocation ensures that 
each person admitted to a study has an equal chance of being allocated 
to any of the trial groups. Thus like can be compared with like. 


Management of treatment 


After the requested pretreatment examinations have been carried out 
as prescribed by the protocol and the necessary forms (¢.g., the treatment 
card) have been filled in, treatment is started and administered precisely 
as laid down in the protocol. The dates when the patient has to attend 
are recorded in advance on the treatment card according to an individual 
appointment schedule. If a patient does not attend on the appropriate 
date, it will be noticed immediately and the action required by the 
protocol can be taken without delay. If side-effects occur, they must be 
recorded, together with any other observations, and must be handled 
and reported as the protocol prescribes. 

If a patient has to change, interrupt, or stop treatment, this should be 
done, whenever possible, with the consent of the coordinating centre. 
The centre also decides whether such patients should be excluded from 
or kept in the trial for follow-up and assessment. Every exclusion for 
any reason—including “lost sight of the patient” and the refusal of 
treatment or of important examinations—should be considered carefully, 
since the results of the trial may be substantially biased through ex- 
clusions from assessment. 


Monitoring of progress 


A special section of the protocol should be allotted to the various 
monitoring measures and their timing. All routine examinations, as well 
as the special examinations requested only on certain occasions (€.g., in 
the case of side-effects), should be described in detail. 


Example : 


Bacteriological examinations before the start of treatment and thereafter 
at 3, 6, 11, and 12 months. 
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The uniformity of all monitoring procedures should be ensured. It 
may be useful to have examinations requiring a specialist’s skill and 
accuracy to be performed in a central (reference) laboratory. The same 
applies to function tests (e.g., of the liver, Kidneys, and eyes) and 
neurological examinations (¢.g., of vestibular function) to be carried out 
at specialized institutes. 

The tests to be performed, and the dates on which they are to take 
place, should be recorded in advance on an analysis card issued for each 


departures from the appointment schedule may be minimized. Too many 
departures from the time-table may wreck a trial. Another advantage 
of the analysis card is that data entered on it can be extracted easily for 
the periodic reports to the coordination centre. 


Recording and reporting 


The importance of the design of forms and of an efficient system for 
the routing of information is too often under-rated. A form (record or 
report) should not require lengthy instructions, but be self-explanatory 
whenever possible. Only questions demanding clear-cut answers should 
be posed. If answers cannot be formulated unequivocally and uniformly, 
how can they be analysed and tabulated ? 

Before the design of a form is completed, it is sometimes necessary 
to test whether it is well understood and easy to fill in by the staff con- 
cerned. That applies also to forms with preformulated answers that need 
only crossing or ringing. Sometimes it is advisable to include “ trap 
questions for cross-checking the correctness of certain recorded data. 
However, a record should not be used for the collection of information 
irrelevant to the operation and assessment of the trial. 

If a record form or card is well designed, it should be easy to 
transfer all the requested data to the periodic (e.g., weekly, monthly) 
progress reports regularly sent to the coordinating centre. Here, these 
reports are checked, the data needed for the preliminary and final analyses 
are transferred to “ master ”’ analysis cards, and the reports are stored. 

As can be seen, tuberculosis trials involving long periods of obser- 
vation require the collection and processing of a huge amount of data— 
i.e., a well-organized system of administrative and clerical procedures. 
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A continuous check on the completeness and accuracy of data and 
reports has to be maintained and reminders have to be sent out promptly 
to the reporting centres if necessary. Therefore, research centres running 
large-scale multicentre trials may have to use electronic data processing 
machinery (9), which can save many hours of time-consuming up-dating 
and checking and sometimes monotonous clerical work ; moreover, it 


enables speedy analysis to be made at any stage of the trial. 


Analysis of data and assessment 


Before each analysis, whether interim or final, the data on the master 
analysis cards should be rechecked for completeness and correctness. 
An important interim analysis is the periodic tabulation of the bacterio- 
logical results and side-effects according to regimen, duration (months) 
of treatment, and regularity of drug intake. This provides up-to-date 
information on the merits of experimental regimens, and occasionally 
early warning of the risks involved. If interim analyses are repeated 
periodically, the final analysis can usually be produced soon after the 
last data have been entered, thus speeding up considerably the completion 
of the final report. 

Analyses, tabulations, and the interpretation of results should always 
be made in close collaboration with the statistician(s). There is generally 
no disagreement on the factors to be analysed in order to determine the 
efficacy of drugs or regimens. However, the classification, and thus the 
assessment, of response to chemotherapy in bacteriological, radiological, 
or clinical terms may easily vary from one centre to another unless clear- 
cut criteria have been established in the protocol and rigidly applied. 
Definitions of terms such as “ quiescence”’, “favourable response 
“ cavity closure”, “ improvement”, “ failure”, and “ relapse ”’ should 
therefore be foolproof. 

If radiological assessment is required (though this is of minor 
importance) and the extent of lung involvement (size and number of 
cavities) at various times has to be compared, the reader(s) should use 
an agreed—i.e., uniform—nomenclature. Because the interpretation of 
radiographic findings is unavoidably influenced by the individual reading 
error, the assessment of chest X-rays should be undertaken by a panel 
of independent readers, if possible. However, it is difficult to organize 
multiple readings in large-scale trials. Therefore generally all films are 
read by a single reader, who is not otherwise involved in the trial. Such 
a solution is usually satisfactory, since the aim is mainly to compare the 
radiological status at the outset and subsequently. In any case, radio- 
graphic assessment must be undertaken without knowledge of the 
patients’ particulars and of the treatment that they have been receiving. 
Whenever possible, bacteriological and other findings should also be 
assessed “‘ blindly ”’. 
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success. Furthermore, all patients who have had to have their treatment 
changed because of side-effects, or who have had major interruptions— 


patients of a certain ethnic group defaulted because 
chemotherapy, they observed that they were passing masses of worms 
with their stools, which conflicted with their belief that worms should 
not be expelled from the body or be killed. In another place, it was 
found that female patients discontinued treatment because a certain drug 
caused stains on their linen. 


Presentation of the report on the trial 


In reporting the results of a trial, it is important to lay the whole plan 
and conduct of the study before the reader. The report should therefore 
contain the essentials of the protocol, in particular the criteria for 
admission, regimens studied, method of randomization, management 
of patients, and methods of assessing patients’ response to treatment. 
The total number of patients admitted to the study and allocated to the 
various treatment groups and the reasons for exclusion from the main 
analysis must be specified. All the measures taken to eliminate bias 
Should be described so that the reader can judge the correctness of the 
individual decisions. 

In order to show the comparability of the various treatment groups, 
the report should include tabulated data on the initial status (such as age, 
sex, weight, bacteriological sputum status, drug susceptibility, isoniazid 
inactivation rates, radiographic extent of the disease, and cavities) of the 
patients allotted to the various treatments. 

In the evaluation of treatment results, due consideration should also 
be given to the analysis of variables, other than the treatment, that might 
have influenced the response to treatment or the relapse rate—e.g., 
migration, famine. When interpreting the results, authors should give 
good reasons for ascribing certain effects to the regimens applied and 
others merely to chance variations. 

The report should be presented in such a way that the reader can 
understand what was done and how it was done, so that he can assess 
the merits of the trial by himself. He should be enabled to draw his own 
conclusions based on scientifically established facts and findings. That is 
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why the results of well-conducted controlled trials are so convincing and 
why they are so often readily and widely accepted. 


Concluding remarks 

But this does not mean that the controlled trial method has met with 
universal approval. It is often argued that it is incorrect to generalize 
results, because the groups studied are too small or because people are 
not alike and individual differences may be so great that generalization 
becomes misleading, or because each individual’s response to a drug is 
variable and therefore unpredictable. 

It is true that age, sex, metabolism, living conditions, physical and 
mental stress, and a host of other external factors determining the course 
and outcome of a disease may differ considerably from one individual 
to another. From that the opponents of the controlled trial conclude that 
it does not compare like with like, and hence that such a comparison is 
not valid. However, this conclusion disregards the very principles of the 
method. 

From biostatistics we have learned (0) that variability is an essential 
characteristic of living matter and, as such, natural or normal. However, 
this variability is within a certain range that can be defined by statistical 
techniques. When, for instance, a series of observations is made on a 
certain variable in a randomized group (sample), one may find that the 
values obtained are grouped with increasing frequency around a certain 
value. The characteristics of this distribution may be expressed in 
measurable terms enabling comparisons to be made between one series 
of observations and another. By that means, we obtain information that 
is fully valid for the samples studied. In controlled trials, the results 
obtained are group results—i.e., results valid for the group as a whole. 
It cannot be predicted precisely from those results how a particular 
individual will respond to a treatment previously tested in a certain group, 
but it can be stated with reasonable certainty how a group similar to the 
trial group will respond. Only the controlled trial method can neutralize 
the effects of individual differences between human beings in their illnesses 
and responses to treatment. Therefore these differences do not invalidate 
the method but justify it. 

On the other hand, it is known that judgements based on personal 
impressions may often be deceptive. Clinical experience based on 
personal impressions can undoubtedly be valuable, but an assessment— 
e.g., of a therapeutic regimen—based merely on intuitive impressions 
cannot be accepted without reservations or scepticism. 

Many physicians are guided in their daily work by previous clinical 
impressions of their own or by school doctrines originating from the 
impressions of others. Such doctrines, particularly when they are 
perpetuated in text-books and repeatedly quoted by reputed teachers, 
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can easily become fixed formulas in the minds of some people—just as 
if they were proved facts. Owing to traditional ways of learning and 
teaching, authoritarian judgements and statements have come to be 
respected and adopted without criticism. Graduates or postgraduates 
frequently accept them without finding it necessary to ascertain whether 
they have been subjected to a scientific test. 

However, the treatment of the sick must be based on the best scientific 
knowledge available. The last three decades have shown clearly that the 
controlled trial is by far the quickest way of obtaining conclusive and 
reliable information on the efficacy and risks of a new therapy. The 
dramatic progress made in the treatment of tuberculosis has been largely 
due to the fact that all the regimens currently being used have been tested 
beforehand by means of controlled clinical trials. These trials have laid 
the foundation for the standardization of tuberculosis chemotherapy 
and hence for its world-wide application. 
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